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Using a 300 MHz 32-bit MCU with 2 MB of buffer memory, the MPLAB® ICD 4 programs 
at tvvice the speed of its predecessor. Speed and flexibility are the most important 
factors vvhen selecting a debugging tool.The MPLAB ICD 4 reduces vvait time—and 
in turn—improves debugging productivity. VVith speed, compatibility, durability, 
comprehensive device support and the avvard-vvinning MPLAB X IDE, the MPLAB ICD 4 
is sure to help you win vvith your design. 

► Debugs tvvice as fast vvhen compared to the ICD 3 

► Robust metal enclosure vvith easy-to-read indicator light 

► VVider target voltage range than the ICD 3 

► Optional 1 amp of povverto target 

► Programmable adjustment of debugging speed for optimised programming 

► 4-wire JTAG compatible 



MPLAB ICD 4 
(DV164045) 


"dsrect Microchip 

www.microchipdirect.com 

www.microchip.com/ICD4 


The Microchip name and logo, the Microchip logo and MPLAB are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. Ali other trademarks are the property of their registered owners. 
© 2017 Microchip Technology İne. Ali rights reserved. DS50002577B. MEC2171 Eng08/17 
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QUASAR 

electronics 


Quasar Electronics Limited 

PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 

Tel: 01279 467799 
Fax: 01279 267799 

E-mail: sales@quasarelectronics.co.uk 
Web: quasarelectronics.co.uk 


01279 


Ali prices INCLUDE 20.0% VAT. Free UK delivery on orders över £35 
Postage & Packing Options (Up to 0.5Kg gross vveight): UK Standard 3- 
7 Day Delivery - £3.95; UK Mainland Next Day Delivery - £8.95; Europe 
(EU) - £12.95; Rest of VVorld - £14.95 (up to 0.5Kg). 

Order online for reduced price Postage (from just £3) 

Payment: We accept ali majör credit/debit cards. Make PO’s payable to 
Quasar Electronics Limited. 

Please visit our online shop now for full details of över 1000 electronic 
kits, projects, modules and publications. Discounts for bulk guantities. 


Card Sales 
& Enquiries 


467799 


Solutions for Home, Education & Industry Since 1993 


PIC & ATMEL Programmers Controllers & Loggers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 

Programmer Accessories: 

40-pin VVide ZIF Socket (ZIF40VV) £9.95 
18Vdc Power supply (661.130UK) £23.95 
Leads: Parallel (LDC136) £2.56 | Serial 
(LDC441) £2.75 | USB (LDC644) £2.14 


PIC Programmer & 

Experimenter Board 
Great learning tool. 

Includes programming 
examples and a repro- 
grammable 16F627 
Flash Microcontroller. Test buttons & LED 
indicators. Softvvare to compile & program 
your source code is included. Supply: 12- 
15Vdc. Pre-assembled and ready to use. 
Order Code: VM111 - £38.88 £30.54 



USB PIC Programmer and Tutor Board 

The only tutorial 
project board you 
need to take your 
first steps into 
Microchip PIC 
programming us- 
ing a PIC16F882 (included). Lateryou can 
use it for more advanced programming. 
Programs ali the devices a Microchip 
PICKIT2® can! Use the free Microchip tools 
for PICKit2™ & MPLAB® IDE environment. 
Order Code: EDU10 - £46.74 



ATMEL 89xxxx Programmer 

Uses serial port and 
any Standard terminal 
comms program. 4 
LED’s display the 
status. ZIF sockets 
not included. 16Vdc. 

Kit Order Code: 3123KT - £3Z95 £21.95 
Assembled ZIF: AS3123ZIF- £48.96 £37.96 



USB /Serial Port PIC Programmer 
Fast programming. 

VVide range of PICs 
supported (see vveb- 
site for details). Free 
Windows softvvare & 

ICSP header cable. 

USB or Serial connec- 
tion. ZIF Socket, leads, PSU not included. 
Kit Order Code: 3149EKT - £49t 96 £29.95 
Assembled Order Code: AS3149E - £44.95 
Assembled with ZIF socket Order Code: 
AS3149EZIF - £74.96 £49.95 



PICKit™2 USB PIC Programmer Modüle 

Versatile, lovv cost, 

PICKit™2 Development 
Programmer. Programs 
ali the devices a Micro¬ 
chip PICKIT2 program¬ 
mer can. Onboard sockets & ICSP header. 
USB povvered. 

Assembled Order Code: VM203 - £39.54 






Flere are just a fevv of the controller and data 
acquisition and control units vve have. See 
vvebsite for full details. 12Vdc PSU for ali 
units: Order Code 660.446UK £10.68 


USB Experiment Interface Board 
Updated Version! 5 

digital inputs, 8 digital 
outputs plus tvvo ana- 
logue inputs and tvvo 
analogue outputs. 8 bit 
resolution. DLL. 

Kit Order Code: K8055N - £39.95 £22.74 
Assembled Order Code: VM11 ON - £39.95 

2-Channel High Current UHF RC Set 

State-of-the-art high 
security. Momentary or 
latching relay outputs 
rated to svvitch up to 
240Vac @ 12 Amps. 

Range up to 40m. 15 
Tx’s can be learnt by one Rx. Kit includes 
one Tx (more available separately). 9-15Vdc. 
Kit Order Code: 8157KT - £44.95 
Assembled Order Code: AS8157 - £49.96 

Computer Temperature Data Logger 
Serial port 4-ch temperature 
logger. °C/°F. Continuously 
log up to 4 sensors located 
200m+ from board. Choice 
of free softvvare applications 
dovvnloads for storing/using 
data. PCB just 45x45mm. Povvered by PC. 
Includes one DS18S20 sensor. 

Kit Order Code: 3145KT - £19.95 £16.97 
Assembled Order Code: AS3145 - £22.97 
Additiorıal DSİ8S20 Sensors - £4.96 each 

8-Channel Ethernet Relay Card Modüle 

Connect to your router 
vvith Standard netvvork 
cable. Operate the 8 
relays or check the 
status of in put from 
anyvvhere in vvorld. 

Use almost any internet brovvser, even mo- 
bile devices. Email status reports, program- 
mable timers... Test softvvare & DLL online. 
Assembled Order Code: VM201 - £134.40 

Computer Controlled / Standalone 
Unipolar Stepper Motor Driver 

Drives any 5-35Vdc 5, 6 
or 8-lead unipolar step¬ 
per motor rated up to 6 
Amps. Provides speed 
and direction control. 

Operates in stand-alone 
or PC-controlled mode for CNC use. Con¬ 
nect up to six boards to a single parallel port. 
Board supply: 9Vdc. PCB: 80x50mm. 

Kit Order Code: 3179KT - £17.95 
Assembled Order Code: AS3179 - £24.95 


Many items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix) 




ıor opeea uontroııer 
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Bidirectional DC Motor Speed Controller 

Control the speed of 
most common DC 
motors (rated up to 
32Vdc/5A) in both 
the forvvard and 
reverse directions. 

The range of control 
is from fully OFF to fully ON in both direc¬ 
tions. The direction and speed are controlled 
using a single potentiometer. Screvv terminal 
block for connections. PCB: 90x42mm. 

Kit Order Code: 3166KT - £19.95 
Assembled Order Code: AS3166 - £25.95 

8-Ch Serial Port Isolated 1/0 Relay Modüle | 

Computer controlled 8 
channel relay board. 

5A mains rated relay 
outputs and 4 opto- 
isolated digital inputs 
(for monitoring svvitch 
States, ete). Useful in a variety of control and 
sensing applications. Programmed via serial 
port (use our free VVindovvs interface, termi¬ 
nal emulator or bateh fileş). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Povver: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 
Assembled Order Code: AS3108 - £89.95 

Infrared RC 12-Channel Relay Board 

Control 12 onboard relays 
vvith included infrared re- 
mote control unit. Toggle 
or momentary. 15m+ in- 
door range. 112x122mm. 

Supply: 12Vdc/500mA 
Kit Order Code: 3142KT - £64r96 £59.96 
Assembled Order Code: AS3142 - £69.96 

Temperature Monitor & Relay Controller 

Computer serial port 
temperature monitor & 
relay controller. Ac- 
cepts up to four Dallas 
DS18S20 / DS18B20 
digital thermometer sensors (1 included). 

Four relay outputs are independent of the 
sensors giving flexibility to setup the linkage 
any vvay you choose. Commands for reading 
temperature / controlling relays are simple 
text strings sent using a simple terminal or 
coms program (e.g. FlyperTerminal) or our 
free VVindovvs application. Supply: 12Vdc. 

Kit Order Code: 3190KT - £79.96 £49.96 
Assembled Order Code: AS3190 - £59.95 

3x5Amp RGB LED Controller vvith RS232 

3 independent high 
povver channels. 

Preprogrammed or 
user-editable light 
sequences. 

Standalone or 2-wire 
serial interface for 
microcontroller or PC communication vvith 
simple command set. Suits common anode 
RGB LED strips, LEDs, incandescent bulbs. 
12Atotal max. Supply: 12Vdc. 69x56x18mm 
Kit Order Code: 8191KT - £29.95 
Assembled Order Code: AS8191 - £29.95 
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ebele 


Official UK Main Dealer 


Stocking the full range of Cebek & Velleman 
Kits, Mini Kits, Modules, Instruments, 
Robots and more... 


2-Ch WLAN Digital Storage Scope 
Compact, portable battery povvered 
fully featured two channel oscillo- 
scope. Instead of a built-in sereen it 
uses your tablet (İOS, Android™ or 
PC (VVindovvs) to display the meas- 
urements. Data exchange between 
the tablet and the oscilloscope is via 
W LAN. USB lead ineluded. 

Code: WFS210 - £79.20 ine VAT & Free UK Delivery 


_ 


LCD Oscilloscope Self-Assembly Kit 
Build your own oscilloscope 
kit with LCD display. Learn 
how to read signals with this 
exciting new kit. See the 
electronic signals you learn 
about displayed on your own 
LCD oscilloscope. Despite 
the low cost, this oscilloscope has many features found 
on expensive units, like signal markers, frequency, dB, 
true RMS readouts. 64 x 128 pixel LCD display. 

Code: EDU08 - £49.99 ine VAT & Free UK Delivery 


200 Watt Hi-Fi Amplifier, Mono or Stereo (2N3055) 
Self-assembly kit based 
on a tried, tested and relia- ^ 

ble design using 2N3055 
transistors. Relay soft start 
delay circuitry. Current \ ' 

limiting loudspeaker pro- 
teetion. Easy bias adjust- 
ment. Circuit consists of 
two separate elass AB 
amplifiers for a STEREO 
output of up to 100 VVatts RMS @ 4Ü / channel or a 
MONO output of up to 200W @ 40. Includes ali board 
mounted components and large pre-drilled heatsink. 
Order Code 1199 KT - £69.95 ine VAT & Free UK delivery 


2MHz USB Digital Function Generatorfor PC 
Connect with a PC via USB. 

Standard signal vvaves like 
sine, triangle and reetangle 
available; other sine vvaves 
easily created. Signal vvaves 
are created in the PC and 
produced by the function 
generator via DDS (Direct ’ " ■ 

Digital wave Synthesis). 2 equal outputs + TTL Sync 
output. Output voltage: ImVtt to lOVtt @ 600 Ohms. 
Code: PCGU1000 - £161.95 ine VAT & Free UK delivery 
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PC-Scope 1 Channel 32MS/s With Adapter 
0Hz to 12MHz digital storage 
oscilloscope, using a Com¬ 
puter and its monitor to dis¬ 
play vvaveforms. Ali Standard 
oscilloscope funetions are =>=■ ■=— 

available in the free VVin¬ 
dovvs program supplied. İts •• —-— - 

operation is just like a normal oscilloscope. Connection 
is through the computer's parallel port, the scope is 
completely optically isolated from the Computer port. 
Supplied vvith one insulated probe x1/x10. 

Code: PCS100A - £124.91 ine VAT & Free UK Delivery 


2-Channel PC USB Digital Storage Oscilloscope 
Uses the povver of your PC to 
visualize electrical signals. 

High sensitivity display resolu- 
tion (dovvn to 0.15mV), high 
bandvvidth and sampling fre- 
quency up to 1GHz. Easy Set¬ 
up USB connection. No exter- 


nal povver required! İn the field measurements using a 
laptop have never been this easy. Stylish vertical space 
saving design. Povverful free VVindovvs softvvare. 

Code: PCSU1000 - £246.00 ine VAT & Free UK Delivery 


Raspberry Pi Basic Learning Kit 
Contains 75 compo¬ 
nents and other useful 
accessories for your TV 

Raspberry Pi (not in- ^ ■ 

cluded) together vvith a ^ CZ. 

handy storage case. 

Includes LCD & LED displays, solderless breadboard, 
GPIO expansion board, AD converter board and much 
more. 51 page electronic tutorial user manual. 

Code: VMP502 - £63.17 ine VAT & Free UK delivery 


PC USB Oscilloscope & Function Generator 
Complete USB-povvered Lab- 
in-a-Box! Free feature-packed 
softvvare for tvvo channel oscil¬ 
loscope, speetrum analyser, 
recorder, function generator 
and bode plotter. VVith the gen¬ 
erator, you can create your 
ovvn vvaveforms using the inte- 
grated signal vvave editör. For 
automated measurements, it is 
even possible to generate vvave sequences, using file 
I or Computer RS232 input. 60MHz scope probe ineluded 
Code: PCSGU250 - £135.60 ine VAT & Free UK Delivery 
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Secure Online Ordering Facilities • Full Product Listing, Descriptions & Images • Kit Documentation & Softvvare Downloads 
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You can even save £1.10 an issue if you subscribe for two years - a total saving of £26.40 

Overseas rates also represent exceptional value 
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• Avoid any cover price increase for the duration of your subscription 

• Get your magazine delivered to your door each month 
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CATCH UP ON WHAT YOU HAVE MISSED 

We can supply back issues of EPE by post, most issues from the past five years are available. An EPE index for the last five years is also available 
at www.epemag.com. VVhere we are unable to provide a back issue a photocopy of any one article (or one part of a series) can be purchased for the same price. 
İssues from Jan. 99 are available on CD-ROM or DVD-ROM - and back issues from recent years are also available to dovvnload from www.epemag.com. 
Please make sure ali components are stili available before commencing any project from a back-dated issue. 
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Jam tomorrovv 

‘Electricity too cheap to meter’ was the optimistic prediction of nuclear 
energy proponents in the 1950s. Although this quote is often thought to 
refer specifically to nuclear fusion, it was really a reflection of the general 
expectation that Science and technology would one way or another harness 
the power of the atom to supply near-limitless quantities of ultra-cheap 
electrical power. 

The reality has tuned out rather different. Nuclear fission has undoubtedly 
produced a lot of kilowatt-hours, but even if we ignore the controversial 
aspects of this technology, it has certainly never been cheap. Nuclear 
fission is now a mature technology, but despite nearly three generations of 
engineering experience in building and running nuclear power stations, the 
electricity produced is expensive. Hinkley C, the huge reactor earmarked 
for the Somerset coast is expected to deliver an eighth of the country’s 
electricity, but at £92.50 per megawatt-hour it is certainly a long way 
from ‘too cheap to meter’. By comparison, the price of electricity from 
offshore windfarms has now phımmeted to £57.50 per megawatt hour 
and is expected to fail stili further. It is true that the wind does not always 
blow, but if the ‘fuel’ is free and the overall price is low, then it is surely a 
technology worth pursuing. 

Jam today? 

Can nuclear ever deliver on its ‘too cheap’ claim? Of course the real prize 
is not nuclear fission, but nuclear fusion. The dream of building a mini 
sun that essentially runs off seawater has been chased for decades, but 
the technical challenges of containing a highly controlled version of a 
hydrogen bomb are huge. The cynical critique of fusion power is that it’s 
about 15-20 years from success - and always will be. It’s easy to be cynical, 
but it doesn’t solve problems. Time and again, what seemed impossibly 
difficult has been transformed by the unexpected appearance of a disruptive 
technology or technique. 

Fusion researchers at MIT in the US are now working with, what they 
hope will be, a disruptive material. The fuel in fusion reactors operates at 
hundreds of millions of degrees and the only possible route to containing 
this plasma is in a ‘magnetic bottle’. This bottle requires hugely powerful, 
current-thirsty magnets. MIT’s approach is to work with magnets made from 
a newly available superconducting material - a Steel tape coated with a 
compound called yttrium-barium-copper oxide (YBCO). They expect it to 
drastically reduces the cost, timeline, and complexity required to build a 
successful reactor. We’ll see... in about 15 years. 























N EWS 


A roundup of the latest Everyday News 
from the world of 
electronics 


BBC Natural History Unit repurposes military technology - report by Barry Fox 


T ry taking photos or videos of 
wild animals and you will 
usually be sorely disappointed 
with the results. The annual Awards 
ceremony of the International 
Moving Image Society, held recently 
in London at the beautifully restored 
Regent Street cinema, graphically 
explained why. 

Natural History Unit 

The BBC Natural Histo¬ 
ry Unit (NHU) has been 
based in Bristol since 
1957 and current head 
Julian Hector, along with 
innovation producer Co- 
lin Jackson, shared some 
of its secrets with IMIS 
members ahead of the 
presentation of a Wild- 
life Photography award 
to Gavin Thurston by Sir 
David Attenborough. 

Mil-spec stabilisation 
and drones 

‘Because animals can’tbe “directed” 
like actors, we now shoot in 5K or 
better and pan and track within the 
frame area at post-production stage’ 
Julian Hector explained. Very long 
focus telephoto shots from a heli- 
copter are only now possible thanks 
to a military - but recently declas- 
sified - gyro-stabilised camera pod, 
which is mounted outside the cabin 
and remotely controlled from in¬ 
side. Earlier attempts at getting cam¬ 
era stability by flying the crew in a 
hot-air balloon failed spectacularly 
because of a lack of steering control 
that left an NHU ere w stranded in a 
jungle tree-top. 

The NHU is also starting to use 
drones developed for military sur- 
veillance. HD/UHD cameras are 
now small enough to be mounted on 
animals, he said. 
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Freezing and swimming 

Photographing penguins in Antarc- 
tica at -40°C involved a three-man 
crew living for 11 months in a ship- 
ping Container, with 200TB of hard 
disc storage for the UHD video con- 
tent. On the coldest days their LCD 
sereens literally froze up and cables 
got brittle and snapped. 


For underwater shooting the NHU 
now uses closed-circuit rebreath- 
ing suits developed to let military 
personnel stay submerged for över 
three hours instead of 30 minutes. 
‘The other advantage’ said Hector, 
‘is that the sound of bubbles from 
normal scuba gear scares away fish 
- it is like going into a quiet jungle 
and shouting’. 

Time-lapse photography devel¬ 
oped for the building trade, to 
track the construction of bridges 
and skyscrapers, is now being 
used by the NHU to capture the 
very slow motion of starfish on the 
seabed, with a network of under- 
water lights turned on and off in 
sync with stili cameras shooting 
very-high-resolution images which 
allow in-frame panning in post- 
production. A time-lapse sequence 


of Saham düne movements was 
shot över two years. ‘Unfortunately 
there are no mains sockets in the 
desert’ says Hector. So the NHU 
uses using solar panels to trickle 
charge batteries. 

Using infra-red to shoot bats in 
ultra slo-mo in piteh black caves 
needed nine banks of LED lamps; 

the camera crew need¬ 
ed gas masks because 
the fumes from bat 
droppings would have 
instantly knocked them 
unconscious. 

Tech Holy Grails 

The ‘Holy Grail’ is a 
fully solar-powered 
wildlife unit, says Hec¬ 
tor. ‘Night time is the 
right time for wildlife 
shooting’ he says, cit- 
ing another Holy Grail; 
a CMOS image sensor 
that can shoot motion 
video with just moon- 
light or starlight. Currently, the 
NHU uses recently declassified im¬ 
age intensifiers or thermal imaging 
cameras developed for night-time 
military operations. But the resolu- 
tion is very poor. 

Asked what he saw as the most 
significant development in wildlife 
filming so far, Hector immediately 
said ‘colour - which wowed view- 
ers and changed the game.’ 

Asked then about the possibility 
of shooting colour at night instead 
of the black and white captured by 
IR, image intensifier or thermal im- 
agers, Colin Jackson explained: ‘It’s 
almost there, but I hope we don’t 
do it because what we humans see 
at night is monoehrome’ ‘I totally 
disagree’ interjected Julian Hector 
‘it would let us teli the story from 
the animals’ point of view’. 
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BBC Natural History Unit repurposes military technology - continued 



A treat for historic cinema lovers - the restored Regent Street cinema 


Afterwards I asked Sir David At- 
tenborough for his view. ‘Mono- 
chrome I think’ he said. ‘It’s what 
we see and what animals see’. 


Cinematographe 

For those with an 
interest in movie 
history, the Regent 
Street cinema is 
where in 1896 the 
Lumiere brothers 
used their Cine¬ 
matographe ma- 
chine for the first 
movie presenta- 
tion in the UK to 
a paying audience. 
The cinema closed 
to the public in 
1980 and became 
a college lecture theatre, but was 
restored and re-opened as a public 
cinema by the University of West- 
minster in May 2015. 


Power from Hammond 
Electronics 

H ammond Electronics has ex- 
tended its power distribution 
offering with an additional 12 
variants of rack mounting and 
stand-alone 100-240VAC, 50/60Hz 
10A power strips, designed for use 
with IEC power cords. For enhanced 
safety, two 10A resettable Circuit 
breakers prevent overloading, and 
both types are available with either 
a double-pole single-throw green 
illuminated on/off switch or as a 
basic unswitched version with a 
green power-on indicator light. Ali 
are fitte d with an IEC C14 inlet plug 
and multiple IEC C13 outlet sockets. 
Further details at: www.hammfg. 
com/electronics/outlet-strips 


Launch of new Raspberry Pi 3 Model B+ • igb lpddr 2 sdram 

• 2.4GHz and 5GHz IEEE 802.Hac 
wireless, Bluetooth 4.2, BLE 

• Gigabit Ethernet över USB 2.0 
(max throughput of 300Mbps) 

• 40pin extended GPIO 

• CSI camera port for connecting the 
Raspberry Pi camera 

• DSİ display port for connecting 
touch screen display 

• 4 x USB 2 ports 

• 4-pole stereo output and compos- 
ite video port 

• Full-size HDMI 

• H.264, MPEG-4 decode (1080p30). 
H.264 encode (1080p30). OpenGL 
ES 1.1, 2.0 graphics 

• Micro SD port for loading the op- 
erating system and storing data 



Upgraded Raspberry Pi has a more powerful CPU, offers 
faster Ethernet and dual-band wireless networking 


F arnell elementl4 has announced 
the launch of the Raspberry Pi 
3 Model B+, the fastest and most 
powerful version yet, improving the 
already successful Raspberry Pi 3 
Model B. 

Built on a new quad-core Broad- 
com BCM2837 64-bit application 


processor running at 
1.4GHz, the Raspberry Pi 
3 Model B+ is över 15% 
faster than the Raspberry 
Pi 3 Model B. 

Power över Ethernet 
(PoE) will be provided 
via a new official PoE 
add-on board for the 
Raspberry Pi, available 
from sıımmer 2018. 

The Raspberry Pi 3 
Model B+ is available 
as a standalone board 
and as an exclusive el- 
ementl4 Starter Pack, 
including a 16GB Micro- 
SD Card with NOOBS 
pre-installed, the official 
Raspberry Pi 2.5A power supply, and 
the official Raspberry Pi Case. 

Pi 3 Model B+ offers backwards 
compatibility by following the same 
mechanical footprint as the Pi 2 and 
Pi 3 Model B, and includes: 

• BCM2837B0, quad-core ARM Cor- 
tex-A53 64-bit SoC (1.4GHz) 


The official PoE add-on board for 
Raspberry Pi 3 Model B+ includes: 

• 802.3af PoE 

• Class 2 device 

• Fully isolated SMPS 

• 36V-56V input voltage 

• 5V output voltage, 2.5A output 
power 

• Fan control 
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ON SALE in VVHSmith and other 
independent nevvsagents 
NOW! 


-İn 8- 
he Arduino 

This exciting series has been designed for electronics 
enthusiasts who want to get to grips with the inexpensive, 
immensely popular Arduino microcontroller, as well as coding 
enthusiasts who want to explore hardware and interfacing. 
Teach-ln 8 provides a one-stop source of ideas and practical 
information. 

The Arduino offers a remarkably effective platform for 
developing a huge variety of projects; from operating a set 
of Christmas tree lights to remotely controlling a robotic 
vehicle through wireless or the Internet. Teach-ln 8 is based 
around a series of practical projects with plenty of information 
to customise each project. The projects can be combined 
together in many different ways in order to build more 
complex systems that can be used to solve a wide variety of 
home automation and environmental monitoring problems. 
To this end the series includes topics such as RF technology, 
vvireless netvvorking and remote Web access. 


PLUS: PICs and the PlCkit 3 - A beginners guide 

The why and how to build PlC-based projects. An extra 12 part series based around the popular 
PIC microcontroller. 


FREE COVER-MOUNTED CD-ROM 

Containing the softvvare for the two series 


PRICE £8.99 

(includes P&P to UK if ordered direct from us) 



GET THE 
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Copy 
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ORDER YOUR COPY TODAY JUST CALL 01202 880299 

OR VISIT www.epemag.com 


















Bad broadband 
Part 2 



Mark Nelson 


Last month, we examined ways of improving sluggish broadband performance. A reader who prefers 
not to be name-checked wrote in to offer further helpful hints. Given that most of us value reliable and 
consistent broadband service for our hobby (and other) pursuits, I thought it would be useful to pass on 
this information, which comes fi straight from the horse’s mouth’ - from a time-served telecoms man. 


İ N OUR FRIEND’S EXPERIENCE, 
poor broadband speed is frequently 
not a network problem but the result 
of shortcomings in customers’ pre- 
existing internal wiring, which was fine 
for speech but definitely sub-optimal 
for data transmission. Very often this 
is due to the presence of the ‘blessed’ 
beli wire (see: www.filesaveas.com/ 
jarviser/btiplate.html to identify the 
wire in question). 

More is less 

Ever since Antonio Meucci invented 
the telephone (and Graham Bell took 
the credit, see https://en.wikipedia.org/ 
wiki/Antonio_Meucci), telephones 
have used two wires (or one wire and 
earth) to carry speech and ringing. 
It was only when British Telecom 
introduced plug-in telephones in the 
1980s that an extra wire was added to 
premises’ wiring, to enable speech to 
be separate from ringing. It made sense 
then, but this so-called beli wire has 
no place or function in modern life. 
It is a throwback to the days of pulse 
dialling, induction coil telephones 
and magneto bells. 

So, the advice is ditch this wire! 
Disconnect Terminal 3 on the 
removable faceplate of the NTE (master 
Socket), and disconnect Terminal 3 
connections at ali extension sockets. 
Modern telephones are designed for 
two-wire operation, even BT-supplied 
ones. But why does the third (beli) 
wire cause problems? In one word, 
‘unbalance’. 

Common (mode) problem 

As we ali know, common-mode 
noise (interference) can be present 
on ali lines of your internal wiring. 
To clarify, common-mode means that 
it appears equally on both signal 
leads of a transmission line. If it 
is induced equally in both wires, 
there is no potential difference at the 
termination, meaning effectively no 
noise is detectable! If, however, we 
upset the carefully-created balance 
of an internal wiring cable (assured 
by its manufacturing design) by 
adding another wire to the Circuit, the 
result is the telephone line becomes 


a radio antenna - because where we 
previously had just two wires, we 
now have three that are decidedly not 
equally balanced. 

Long-wave broadcast signals and/ 
or any other radio frequencies (from 
power transformers, PC monitor 
screens, fluorescent lights and suchlike) 
will ali now be able to intermingle with 
the broadband signal. The broadband 
signal that comes down the telephone 
wiring at this point is stili analogue, 
not digital as many suppose. 

Says our friend, ‘I have proved this 
point on faults. Measure the DSL line 
speed (not ISP speed) before work 
starts. To clarify, line speed (line rate) 
is the physical or ‘sync’ speed at which 
you router communicates with the 
equipment directly connected to the 
other end of the telephone line in the 
exchange. This is not necessarily what 
a speed tester website will indicate on 
your PC screen, although some speed 
testers show both. 

‘Now disconnect the wire at ali 
Terminal 3 connection points. 
Then measure the line speed again. 
Presto! - a marked increase. The ISP 
speed will also rise, in time. In time, 
because the ADSL line is adaptive 
(based on a gradual learning process 
at the telephone exchange), the 
adjustment will take time, possible a 
day or more. The Line speed, or sync 
speed, responds immediately (in your 
hub manager).’ 

Are we nearly there now? 

Hopefully, but not necessarily. Önce 
airborne interference is eliminated 
from your internal ‘premises’ wiring, 
you have done ali you possibly can. 
But strong interference on the external 
wiring can stili drag down your 
broadband speed. It’s sneaky stuff and 
detecting it is not an intuitive process. 

Fortunately, there is any easy tool 
to help locate the source of the 
interference: an ordinary AM transistor 
radio. This will almost certainly be 
fitted with a ferrite rod aerial, which 
is directional. S o switch on the tranny 
(indoors) and tüne the medium wave 
to any quiet frequency on which you 
cannot hear a broadcast station. Quiet 


‘white’ noise should be heard. If you 
do hear raspy, repetitive interference, 
you’re onto something. This covers a 
broad spectrum, so the actual frequency 
you tüne to doesn’t matter. Önce you 
get near the source of the trouble, the 
sound will become quite raucous. 

Now you should rotate the radio 
slowly about a vertical axis. As http:// 
topbanddf.org.uk/whatis.htm explains 
in greater detail, there will be two 
directions where the signal fades away. 
These nulls may be very narrow, but 
when located in the null, the aerial 
in your radio is pointing along a line 
joining your location and the location 
of the transmitter. The aerial is usually 
along the long axis of the radio when it 
is standing in its normal way. 

Next, go outdoors and repeat this 
process on ali four sides of your 
premises, until you have a good idea 
where the QRM (interference) is 
coming from. Timing might be critical. 
A machine giving off radio-frequency 
interference (RFI) may operate only 
at certain times, eg, during working 
hours, so a bit of detective work is 
sometimes needed. 

‘In one case we had,’ says our 
informant, ‘several customers in a 
particular rural location who were 
being affected on their broadband. 
The customers were dispersed, but 
they were ali served by the same 
DP (telephone wire distribution 
pole). So, I walked the route with a 
transistor radio. Then, where the BT 
cables passed near a pole-mounted 
power transformer, the noise on the 
radio was intense. The transformer 
was from medium-voltage llkV to 
low-voltage 230V. The electricity 
supply people were notified and they 
co-operated. Lo and behold, the noise 
ceased as soon as they removed the 
input links. They said the transformer 
was arcing internally.’ 

Not ali broadband botherations 
will be as complicated or involved 
as this, but nearly ali are soluble. 
If your broadband is driving you to 
desperation, why not have a word with 
your neighbours? If their troubles are as 
bad as yours, then you can press your 
broadband supplier(s) ımıch harder. 
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Would you like to measure frequencies up to 6GHz or more... but your 
frequency counter is not in the race? Well, if you already have a frequency 
counter which will measure up to 10MHz or so, you can add this prescaler to 
provide a dramatic increase in performance. And it has selectable frequency 
division ratios of 1000:1, 200:1,100:1 or 10:1 to make it especially versatile. 


A frequency counter is a very 
handy tool, even if it’s one 
that’s just built into a digital 
multimeter (DMM). Some DMMs 
contain frequency counters that will 
work up to 10MHz or more. 

If you have one of those, or any other 
frequency counter (perhaps you built 
our low-cost 50MHz frequency meter 
from the November 2008 issue) - you 
can now have the facility to measure 
frequencies far above that range. 

After ali, there are lots of devices 
these days that operate at high frequen- 
cies - for example 433MHz, 900MHz, 
2.4GHz or even 5.6GHz - so it’s quite 
likely that you will soon want to meas¬ 
ure the frequency of a signal and your 
cheap counter just won’t be able to 
handle it. But now you can combine 
your existing frequency meter with our 
new RF Prescaler and you can get up 
into the gigahertz range. 

The new RF Prescaler is housed in 
a tiny diecast aluminium case with 
two BNC output sockets and one SMA 
input Socket. It also has a tiny 4-posi- 
tion slide switch to select the division 
ratio of 1000:1, 200:1, 100:1 or 10:1. 

Set it to 1000:1 and connect it 
between the signal source and your 
meter and the 2.4GHz signal becomes 


2.4MHz; easy for your meter to read 
and easy to convert in your head, since 
you just need to swap the units. 

Operating principle 

The basic arrangement of the RFPrescal- 
eris shown in the block diagram of Fig.l 
opposite. The source signal is applied 
to the 50Q input connector at left, and 
then AC-coupled to ICl. This mono- 
lithic amplifier IC is essentially just a 
high-frequency Darlington transistor 
with biasing resistors and its input and 
output are both matched to 50£X 3.4V 
DC is fed to its collector via an inductor. 

The output signal from the collector 
of ICl is then AC-coupled to IC2, an 
identical amplifier, giving 22-34dB of 
signal boost in total, depending on 
frequency. The two amplifier stages 
are included to help make up for any 
signal loss in the input cabling and to 
give the RF Prescaler good sensitivity. 

The output from IC2 is then fed to 
one of the differential inputs of a high- 
performance divide-by-five counter, 
IC3. The other differential input of IC3 
is AC-coupled to ground since we don’t 
actually have a differential signal at this 
point. IC3 is the most critical part of 
this Circuit as it must reduce the very 
high frequency input signal down to 


something more manageable, ie, it gives 
a 1.2GHz output for a 6GHz input. 

The output of IC3 is AC-coupled 
to another counter IC (IC4). This is 
programmable and can divide the fre- 
quency by a value anywhere between 
two and 256. Four different ratios are 
available, selected by slide switch Sl: 
2, 20, 40 and 200. These give overall 
division ratios (including the divide- 
by-five action of IC3) of 10, 100, 200 
or 1000. 

The output of IC4 is also differential, 
so these signals are fed to the bases 
of two PNP transistors which form 
a long-tailed pair. Their emitters are 
connected to the two output BNC 
connectors via impedance-matching 
resistor networks, which give an out¬ 
put impedance of 75f2. Either or both 
outputs can then be fed to a frequency 
counter with a 50£1 or 75Q input im¬ 
pedance. Or you could use one output 
to drive a frequency counter while the 
other drives an oscilloscope. 

To handle the high frequencies 
involved, IC4 is an ECL (emitter- 
coupled logic) device with a maximum 
recommended operating frequency of 
1.2 GHz, although it will typically work 
up to 1.4GHz. ICl, IC2 and IC3 must 
ali handle the full input frequency; so 
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Input freguency range.5MHz-6GHz; typical operation to 7GHz 


Input .SMA, 500 

Input sensitivity.<12mV RMS 6-3500MHz; <130mV RMS 5MHz-7GHz 

(typical; see Fig.6) 

Division ratio .selectable; 1000:1,200:1, 100:1 or 10:1 

Outputs .2 x BNC, 50/750, 180° out of phase 

Output amplitude.typically 300mV peak-to-peak into 500 

Output duty cycle.approximately 50% (10:1), 5% (100:1), 

2.5% (200:1), 0.5% (1000:1) 

Output overshoot .<10% 

Power supply .9V DC/500mA plugpack or 5V DC/500mA 

(microUSB); typically 375-450mA, guiescent ~375mA 


they use heterojunction bipolar tran- 
sistors (HBTs) to achieve operation up 
to around 8GHz. 

ICl and IC2 are made from indium 
gallium phosphide (InGaP) semicon- 
ductor material, rather than Silicon, 
because electrons move through it 
more quickly. IC3 also uses InGaP, 
together with gallium arsenide (GaAs) 
semiconducting material. 

The use of different semiconductor 
materials for the emitter-base and base- 
collector junctions allows the base to 
be much more heavily doped with- 
out creating excessive hole injection 
from the base to emitter. The heavier 
doping reduces the base resistance 
while maintaining gain. This is what 
the term ‘heterojunction’ refers to; ie, 
the fact that the transistor junctions 
are made from two different types of 
semiconductor. 

The operation of the Circuit is shown 
in the scope grab labelled Fig.2. The RF 
Prescaler has been set to its minimum 
10:1 overall division ratio to better il- 
lustrate its operation. A 20MHz, 35mV 
RMS signal was applied to the unit 
and the output of amplifier stage IC2 
is shown at the bottom of the screen 
in blue, with an amplitude of a little 
över IV RMS. Overall gain is therefore 
29dB [20log 10 (1000-r35)], within the 
range expected. 

The output of divide-by-five prescal¬ 
er IC3 is shown just above it in pink, 
and this is a fairly clean 4MHz square 
wave with an amplitude of about 
500mV peak-to-peak. The signal from 
output connectors CON2 and CON3 are 
shown in green and yellow above, with 
the expected frequency of 2MHz and a 
peak-to-peak voltage of around 300mV. 

Setting a division ratio of 100:1, 
200:1 or 1000:1, the duty cycle of the 
outputs dropsbelow 50%. The output 
pulse width is normally five times the 
input signal period, ie, with a 5GHz in- 
put, the output pulses are at least lns. 

Fig.3 shows the unit operating with 
a 1000:1 division ratio and a 100MHz, 
lOmV RMS input signal. The mauve 
trace shows the output of amplifier 
IC2, with an RMS amplitude of 300mV, 


indicating a gain of around 29.5dB. 
As you can see, the output pulses are 
around 5Ons and the output frequency 
is 99.99kHz, indicating that the input 
is actually just a little below 100MHz 
(ie, around 99.99MHz). 

Circuit description 

The complete Circuit of the 1000:1 
RF Prescaler is shown in Fig.4. Input 
SMA connector CONl is shown at left; 
depending on the exact model used, 
this can handle signals up to 20GHz. 
Low-capacitance schottky diodes Dİ 
and D2 clamp the signal amplitude to 
no more than a few hundred millivolts 
to protect the rest of the Circuit from a 
signal with too much amplitude. The 
signal is then AC-coupled via a lOnF 
C0G capacitor to the first amplifier, ICl. 

ICl is an ERA-2SM+ which provides 
around 16dB of gain at 1GHz, falling to 
10.7dB at 6GHz. its input impedance 
is 50Q, so no termination resistors are 
required. 

DC power is fed in via RF inductor 
Ll, an ADCH80-A+, which maintains 
significant inductance up to 10GHz. 
It isolates the DC power supply from 
the AC signal present at output pin 3. 

The lOnF bypass capacitor connect- 
ed immediately adjacent to Ll helps to 
prevent any residual RF signal which 
may be coupled across Ll’s small inter- 
winding capacitance from passing into 
the DC power supply. 

As the output impedance of ICl 


is also 50Q, we can feed its output 
signal directly to IC2 via another 
lOnF capacitor. The amplification 
stages comprising ICl and Ll and 
IC2 and L2 are identical. Both ampli- 
fiers have a snubber network at their 
output comprising 33Q resistors and 
lOOpF capacitors. These help prevent 
instability when operating at around 
4-4.5GHz. 

The output from IC2 is fed to pin 3 of 
IC3 via another lOnF AC-coupling ca¬ 
pacitor. IC3 is the HMC438MS8GE RF 
divide-by-5 counter and its differential 
input pins 2 and 3 are each internally 
biased and matched to 50£1. As men- 
tioned earlier, the other input terminal 
at pin 2 is connected to ground via an 
identical lOnF capacitor. Thus, this 
pin will sit at a DC level determined 
by IC3’s internal biasing network. 

IC3 runs from a 5V supply which is 
smoothed by a low-pass filter compris¬ 
ing a 47 jliH inductor and parallel 10 jliF 
and lOnF capacitors. The IOjliF capaci¬ 
tor provides bulk bypassing while the 
lOnF C0G capacitor has a much lower 
effective series inductance (ESL) and 
thus will be more effective at hltering 
out higher frequencies. 

This filter helps prevent any high- 
frequency signals which may be 
present in the 5V power supply from 
upsetting the operation of IC3, and 
also prevents any modulation of its 
own supply current from being fed 
back into other components. 


Fig.l: block diagram of 
the RF Prescaler. The 
signal passes through 
two amplification 
stages, then a 
differential 
divide-by-five 
prescaler, 
followed by a 
programmable counter 
and then a dual 
voltage conversion 
stage to a pair of BNC 
outputs. 
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Fig.2: the amplified 20MHz input signal is shown at bottom 
in blue, followed by the 1/5 (4MHz) frequency signal above 
in pink and the 1/10 (2MHz) output signals at top, in yellow 
and green. 
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Fig.3: the pink trace shows the output of amplifier IC2 when 
fed with a 100MHz sinewave, and at top, the two outputs 
at 1/1000 the frequency, ie, 100kHz. The output pulses are 
around 50ns long. 


IC3 can operate from very low fre- 
quencies (practically DC) up to around 
7.5GHz, as shown in Fig.5. The upper 
limits shown here are not an issue 
since the ‘saturated output power’ of 
IC 2 , which provides the input signal 
for IC3, is 14dBm at 100 MHz, 13dBm 
at 2 GHz and 12 dBm at 4GHz. 

Hence, IC 2 is incapable of producing 
a signal with an amplitude above that 
which IC3 can handle; we don’t have 
data above 5GHz, but it seems probable 
that its output power is no more than 
lOdBm above this frequency. 

The lower signal limit shown in 
Fig.5, combined with the gain from 
ICl and IC 2 , means that the theoreti- 
cal sensitivity of the RF Prescaler is 
around -49dBm at 1 GHz, which 
equates to an input signal of well under 
lmV RMS. However, keep in mind 
that some of the input signal will be 
lost in the cabling and due to the 50f2 
termination of the input, so in reality 
a lmV signal would be marginal. 

IC3 produces two output signals at 
one fifth its input frequency, with op- 
posite phases, from pins 6 and 7. At 
low frequencies these are fairly square, 
although inevitably they become more 
sinewave-like at higher frequencies. 
These are coupled to another divider 
(IC4) via two lOOnF capacitors. We’re 
using higher value capacitors in these 
positions due to the lower frequency 
here compared to the input signal. 

By extending the low frequency 
response of the unit, we reduce the 
need to constantly bypass the unit if 
you’re measuring signals över a wide 
range of frequencies. 

Programmable counter 

IC4 is an eight-bit counter, counting 
from 0 to 255 (by default) and then go- 
ing to zero again. If left in this default 
configuration (with most of the digital 
inputs open-circuit since they have 
internal pull-downs), the differential 


outputs Cout and Cout will produce 
pulses at a frequency l/256th the input 
frequency (256 = 2 8 ). However, you can 
set IC4’s division ratio to any value from 
2 to 256. To do this, we set the States of 


input pins P 0 -P 7 to an 8 -bit digital value 
and pull the Tcld input high. E very 
time the counter rolls över, rather than 
being reset to zero, it’s loaded with the 
digital value from the P0-P7 pins. 



14 


Everyday Practical Electronics, May 2018 








































































































































Say we want an overall division ra- 
tio of 100. Since IC3 divides the input 
frequency by five, IC4 must divide the 
frequency by a factor of 20. To do this, 
we set P0-P7 to the binary value of 236 
(256-20). Since counting now starts 
at 236, after 19 pulses, it reaches 255 
(236+19) and so requires just one more 
pulse to roll över. Hence, it divides its 
input frequency by 20. 

Selection of division ratios 

As noted above, we’re using a minia- 
ture 4-position horizontal slide switch 
(Sl) to select the division ratios. This 
particular switch is a little unusual 
in that it has six pins and it works by 
bridging two of the pins, depending on 
the position of the switch, as depicted 
in the Circuit diagram. For example, 
when in the 1/1000 position, the fourth 
and sixth pins are bridged. 

We have arranged diodes D4-D11 
so that in this position, the VH 2 volt- 
age on the middle two pins of the 


20 


15 


10 


HMC438 İnput Sensitivity Window, 25°C 


Recommended 
Operating Window 


switch (which we’ll explain in 
more detail later) is applied to 
input pins P5 (via D8) and P4 
(via D6), pulling those inputs _ 
high. input P3 is permanently | 
tied high. As a result, with P3, ir 
P4 and P5 high, the counter’s ^ 
initial binary value is 00111000 £ 
or 56 in decimal. Since 256-56 ^ 

= 200 and 200 x 5 = 1000, w e - 
have the correct division ratio. 

If you perform the same 
calculations for the other three 
switch positions, you will find “ input FREQUE n C y ( ghz) 

that the pre-loadcounteryalues Fig 5; the rec0 mmended input power level for 
are 216 (256 40), 236 (256 prescaler IC3 based on signal frequency. Keep 

20) and 254 (256 — 2). j n m i n d that IC3 is preceded by two amplifier 

stages for improved sensitivity. 

ECL voltage levels 


-15 


-20 



As mentioned earlier, IC4 is an ECL 
(emitter-coupled logic) device; a 
technology which has been used for 
decades for very high speed logic. ECL 
devices are bipolar transistors made 
from plain old doped Silicon. 
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Fig.4: complete circuit for the RF Prescaler. The diode logic network comprising 
slide switch Sl and dual diodes D4-D11 configures IC4 for the selected division ratio. 


Despite this, these transistors are 
arranged in such a way to allow opera- 
tion at frequencies över 1GHz. 

This is because the transistors are 
biased so that they are always con- 
ducting, with their conductance being 
varied to produce different digital 
States, rather than being switched on 
and off. In a sense, this means that 
they process digital information in 
an analogue manner. As a result, ECL 
input and output voltages swing över a 
much more limited range than CMOS 
or TTL. 

In the case of the MC100EP016A, the 
supply voltage is 3.0-3.6V and the av- 
erage signal level is around IV below 
this, ie, 2.0-2.6V, depending on the 
exact supply voltage. When a pin State 
changes between one and zero, typi- 
cally its voltage will shift by around 
0.7V. Assuming a 3.3V supply, a logic 
high level may be around 2.65V while 
a logic low would be around 1.95V. 

Pin 24 on IC4 is labelled ‘Vbb’ and 
provides a reference voltage which is 
almost exactly halfway between the 
low and high stage voltages and may 
be used for comparison, to convert an 
ECL output to CMOS/TTL. We aren’t 
using this pin though; we’re using a 
different technique to produce the out¬ 
put signals, as will be explained later. 

The somewhat unusual ECL levels 
do slightly complicate providing the 
correct input voltage levels for IC4. To 
achieve this, we have connected a re- 
sistive divider between the +3.4V rail 
and the 1.4V (VCC - 2V) rail to gener- 
ate two additional voltage levels, VH 2 
and VHı. VH 2 is approximately +2.5V 
while VH! is approximately +2.3V. 

VH! is therefore in the middle of the 
specified ‘input high voltage’ range 
for IC4 (with Vcc=3.4V) of 2.14-2.49V 
and so pins which are permanently 
tied high are held at this voltage, ie, 
TCLD (terminal count load; mentioned 
above), PE (the chip enable pin) and 
P3 (also mentioned above). 
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Fig.6: minimum 
input sensitivity for 
the RF Prescaler. 
Signal levels above 
this, up to about IV 
RMS, should not be 
a problem. Below the 
level specified, it may 
operate with some 
jitter, or not at ali. The 
blue curve is for the 
circuit as published, 
while the red curve 
shows its performance 
without the two 
snubber networks at 
the outputs of ICl and 
IC2. 



5M 10M 20M 


However, pins Pl, P2 and P4-P7 are 
pulled high via a series of schottky 
diodes and switch Sl, so VH 2 is con- 
nected to the anodes of these diodes 
rather than VH!. This compensates for 
the voltage drop across the diodes, so 
that 2.3V is also applied to those pins 
when they are pulled high. 

IC4’s data sheet does not explain 
whether these inputs must be within 
the ‘input high voltage’ range, so we 
have played it safe and keep them 
within that range, rather than just 
tie them high (to +3.4V) and hope it 
works reliably. 

The Vcc~2V (1.4V) rail which is 
used to derive VHı and VH 2 is gen- 
erated by shunt regülatör REFl. Its 
nominal voltage is 1.24V and the 
150f2/l.lkflresistive dividerbetween 
its cathode, feedback input and anode 
sets the gain to 1.136 for an output of 
1.41V (1.24V x 1.136). 

This rail is also used to terminate 
the thre e main connter outputs of IC4 
(COUT, COUT and TC) via 51Q resis- 
tors, in line with how the data sheet 
suggests they should be terminated 
to achieve the specified performance. 
REFl can sink up to lOOmA, which is 
more than enough for this application. 
The voltage across it is stabilised despite 
a high-frequency AC component to the 
current due to the IjllF bypass capacitor. 

This same Vcc;-2V rail is also used 
to DC-bias and terminate the CLK and 
CLK input signals for IC4 (at pins 22 
and 23), via 51Q resistors. Such low- 
value termination is done to ensure 
there’s no overshoot or ringing over- 
laid on the signals from IC3, which 
might upset the operation of IC4. 

Output stage 

The differential output from IC4 is 
at pins 10 and 11 (Cqut and Cqut) 
and being ECL outputs, these swing 
between about 1.95V and 2.65V. How- 
ever, there is another output, TC at pin 
12 which has a similar waveform to 


M 100M 200M 500M İG 2G 5G 7G 

İnput Frequency (Hz) 

that at pin 11. We found its average 
DC voltage level more stable than that 
at pin 11, so we are using pins 10 and 
12 as the differential outputs instead. 

These are connected to a differen- 
tial-to-single-ended conversion stage 
comprising 500MHz PNP transistors 
Ql and Q2, which are arranged in a 
long-tailed pair. Since their emitters 
are joined together and supplied with 
current with a 330Q fixed resistor 
from the 5V rail, the emitter voltage is 
determined by whichever base voltage 
is higher at the time. The bases of Ql 
and Q2 are connected directly to the 
two outputs of IC4 mentioned above, 
pins 10 and 12. 

Hence, whichever output is lower, 
the transistor it is driving is switched 
on harder, as it has a higher base- 
emitter voltage than the other. So when 
pin 10 of IC4 is lower, Ql is switched 
on while Q2 is basically off, and when 
pin 12 is lower, Q2 is switched on 
while Ql is basically off. 

The collectors each have a total 
load resistance of 400D, arranged as 
a divider which reduces the collector 
signal voltage by 25% at output connec- 
tors CON2 and CON3, while providing 
an output impedance of 75f2 (ie, 100f2 
in parallel with 300f2). This results 
in an output voltage swing of around 
2V peak-to-peak. However, when the 
output(s) are terminated with 50Q or 


Fig.7: if you want to 
feed the output of 
the RF Prescaler to 
a device with a high 
input impedance (eg, 
İMD or 10MD), here 
is the best way to do 
it. The signal must be 
terminated with a 
low impedance to 
get accurate results. 


50Q or 75Q BNC TERMINATOR 


75Q, this is reduced to about 300mV 
peak-to-peak; sufficient to drive an 
external oscilloscope or frequency 
counter. 

Power supply 

For the power supply we recommend 
using a regulated 9V 500mA DC plug- 
pack, plugged into DC barrel connector 
CON5. This feeds 5V linear regülatör 
REGl via reverse-polarity protection 
diode D3, which in turn provides the 
5 V rail for IC3 and the output stage (Ql 
and Q2) via a ferrite bead (FBI). FBI 
prevents any high frequency modula- 
tion in the current draw of IC3 from 
radiating from the power supply lead. 

The 5V rail is also applied to linear 
regülatör REG2, which generates a 
3.4V rail for ICl, IC2 andIC4. REG2 can 
eitherbe anadjustable TPS73701 with 
1.8k£l and lkf2 resistors connected to 
its feedback (FB) pin 4, as shown in 
Fig.4, or it can be a TPS73734 fixed 
3.4V regülatör. 

If using the fixed regülatör, omit 
the 1.8k£l resistor and replace the 
lkf2 resistor with a lOnF SMD capaci¬ 
tor, which gives it superior ripple 
rejection. 

While we could have used a 3.3V 
fixed regülatör, which is much more 
common than 3.4V, 3.4V is the ideal 
operating voltage for ICl and IC2 (3.2- 
3.6V allowed) and is also suitable for 
IC4 (3.0-3.6V). Depending on toler- 
ance, the output of a 3.3V regülatör 
may be too low for proper operation 
of ICl and IC2. 

It’s also possible to power the unit 
from a USB supply, via optional USB 
Socket CON4. If both CON4 and CON5 
are fitted, CON4 is automatically dis- 
connected if a DC plug is inserted, by 
the switch integral to CON5. 

While our unit successfully oper- 
ated from a USB supply, because this 
supply is used to run IC3 directly, any 
significant high-frequency hash could 
interfere with its operation. 

Since many USB chargers have 
quite poor regulation and high levels 
of hash, it’s probably better to stick 
with the 9V supply option. 
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Apart from the four-position switch which 
selects the division ratio, there are no actual 
Controls on the RFPrescaler. One edge has the 
SMA input socket (left), the division switch 
and the two BNC output sockets, one of which 
is 180° out of phase with the other. On the 
opposite side are the two power sockets - a 
9V DC barrel socket (which we prefer) and a 
5V micro USB socket (only one is used at any 
time) - if you only intend to use the 9V socket 
or the micro USB, the other can be left off 
the PCB, saving you a bit of drilling or filing. 

Besides, drilling a round hole is a lot easier 
than cutting/filing a square hole! 



Frequency limits 

VVe’ve rated this RF Prescaler at 
‘6GHz+’ because as presented, it will 
definitely operate to at least 6GHz and 
probably up to 7GHz. The actual upper 
limit depends on the exact properties of 
ICsl-4 which are fitted to your board. 

The signal first passes through am- 
plifiers ICl and IC2. These are rated 
to operate to 6GHz with a typical gain 
of 10.7dB at 6GHz; down from a peak 
of 16.4dB at lower frequencies (10- 
100MHz). Presumably, they will also 
provide gain for signal just above 6GHz 
but this is not specified in the data sheet. 
Our guess is they will operate to at least 
6.5GHz with at least some gain and will 
probably pass signals to at least 7GHz. 

IC3 can normally operate to at 
least 7.5GHz with no reduction in 
performance (see Fig.5) but sensitiv- 
ity rapidly falls off above that and it’s 
unlikely to work at 8GHz. 

The data sheet for IC4 indicates that 
at Standard room temperature, it will 
typically handle signals up to 1.4GHz 
and definitely up to 1.2GHz. That 
translates to 7GHz (1.4GHz x 5) typical 
input frequency and 6GHz (1.2 GHz x 5) 
minimum guaranteed input frequency. 

So you can see that with a bit of luck, 
the RF Prescaler should work up t o 
7GHz, albeit with reduced sensitivity. 

Note that that you could replace the 
two ERA-2SM+ amplifiers with ERA- 
1SM+ amplifiers. These have a speci¬ 
fied gain of 7.9dB at 6GHz and 8.2dB 
at 8GHz. However, do note that it’s 
possible that IC4 won’t handle these 
higher frequencies; after ali, it’s only 
guaranteed to work up to 1.2GHz. And 
the ERA-1SM+ has less gain at lower 
frequencies, for example, 12.1dB at 
lGHzcomparedto 15.8dB for the ERA- 
2SM+. Hence our recommendation to 
use the ERA-2SM+ devices. 

Construction 

The RF Prescaler is built on a double- 
sided PCB which is available from the 
EPE PCB SErvice, coded 04112162, 
measuring 89 x 53.5mm. This is 
mounted in a diecast aluminium case. 
Almost ali the components are SMDs, 


the exceptionsbeing connectors CON- 
CON3 and CON5, switch Sl and power 
LEDl. Use the PCB overlay diagram in 
Fig.8 as a guide during construction. 

Start with IC4. You can use a Stand¬ 
ard soldering iron, as long as the tip is 
not too large, but we recommend that 
you purchase a small tube or syringe of 
flux paste and some solder wick if you 
don’t already have some. Good light 
and a magnifier are also important. 

Place a small amount of solder on 
one of the corner pads for IC4 and then 
orient the part on the board as shown 
in Fig.8. Pin 1 goes towards lower 
left - this should be indicated on the 
PCB silkscreen. 

Önce the IC is oriented correctly, 
heat the solder you applied to the 
corner pad and then carefully slide 
the IC into place and remove the heat. 
This process should take no more than 
a few seconds. 

Now carefully check that the IC pins 
are centred on their pads. Check ali 
four sides. Use magnification to make 
sure that ali pins are properly centred 
on their pads. If not, re-heat the solder 
on that one pad and gently nudge the 
IC towards the correct position. 

Repeat this process until you are 
happy that the IC is correctly located 
and check that its pin 1 is in the cor¬ 
rect position before tack soldering the 
diagonally opposite pin. 

Re-check that ali the pins are cor¬ 
rectly located; you can re-heat either 
solder joint at this point to make slight 
adjustments. 

No w apply a thin layer of flux along 
ali the IC pins and then apply solder 
to ali the pins. Make sure you apply 
enough to get proper fillets. It’s diffi- 
cult to avoid bridging the pins at this 
point; what’s most important is getting 
the solder to flow onto each pin and 
pad on the PCB. 

Önce ali the pins have been sol- 
dered, apply another thin layer of 
flux paste and then use a piece of 
solder wick to remove any excess 
solder, especially where adjacent pins 
are bridged. Proceed carefully and 
re-apply flux paste if necessary. 


When you have finished, clean off 
the flux residue (using either a proper 
flux solvent or ethyl alcohol/methyl- 
ated spirits and a lint-free cloth) and 
examine the solder joints under good 
light and magnification to ensure they 
are ali good and there are no more 
bridges left. 

After soldering IC4, you can fit IC3 
in the same manner. IC3 has smaller, 
more closely-spaced leads but there 
are only eight of them, on two sides of 
the IC. One additional thing you will 
have to take into consideration is that 
IC3 has a thermal pad on the underside 
and ideally, this should be soldered to 
the matching pad on the PCB. 

If you have a hot air reflow system 
(lucky you!) this is quite easy, as it’s 
just a matter of spreading some solder 
paste on the nine pads for this IC, 
putting it in position and then gently 
heating it until ali the solder paste 
melts and reflows. 

However, if you are just using a 
regular old soldering iron, you should 
spread a thin layer of solder paste on 
the large Central pad, then drop the IC 
down into position and tack solder it 
in position. 

After checking that its orientation 
and position are correct, solder the 
remaining leads using the same tech- 
nique as for IC4. Then flip the board 
över and squirt some flux paste into 
the hole directly under IC3. 

Melt some solder into this hole and 
heat it for several seconds. Remove 
heat and carefully check that IC3 is hot 
by quickly touching it with your finger. 

This indicates that the solder has 
conducted enough heat through the 
hole to melt the solder paste you 
placed under it earlier. 

If you’re fitting microUSB connector 
CON4, do so now since its pins are hard 
to access önce the other components 
are in place. This one is a little tricky 
because its pins are quite close together 
and despite the plastic locating posts, 
it’s a little difficult to get the connector 
to sit in just the right position. 

Start by putting a little flux paste on 
ali the pads and pins for this device, 
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Fig.8: use this 
PCB overlay 
diagram as a 
guide to build the 
RF Prescaler. 
Start with 
IC4 and IC3 - 
these have the 
smallest pin 
spacings. Most 
of the remaining 
components are 
pretty easy to 
solder. 
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then drop it into place. Use a magnify- 
ing glass to check whether the pins are 
in the right location, then hold the de¬ 
vice down with something heatproof 
(like a toothpick - not your finger!) 
and solder one of the large mounting 
lugs. This will take a few seconds as 
it will heat up the whole metal body 
while doing so. 

Önce you’ve formed a good solder 
joint on one of the mounting lugs, re- 
check that the signal pins are stili lo- 
cated correctly. If they aren’t, you will 
need to hold the socket with tweezers 
and nudge it into place while heating 
the solder. 

You can then solder the remaining 
mounting lugs, followed by the signal 
pins and clean up any bridges between 
the pins using solder wick and a lit- 
tle extra flux paste. Use a magnifier 
to verify that ali the signal pin solder 
joints are good before proceeding. 

Remaining SMDs 

The rest of the parts are quite easy 
to install as they have more widely 
spaced leads. Solder ICl and IC2 next, 
making sure their ‘pointy’ pins are 
soldered to the pads marked for pin 1. 
Follow with Ll and L2, both of which 
are in six-pin packages. Their pin 1 dot 
should be oriented as shown in Fig.8. 

Next on the list is REGİ. This has 
one large pad and five small ones. The 
regülatör itself has considerable ther- 
mal inertia, so spread a thin layer of 
flux paste on the large pad with a little 
extra paste on the smaller pads, drop 
REGİ in position and then tack solder 
one of the smaller pins (you can pre-tin 
the pad and heat it while sliding the 
part into place, if you like, as you did 
with IC4). You can clean these joints 
up with some additional flux paste and 
an application of solder wick. 

Now for the large tab. Apply some 
solder to this tab and hold your iron 
in contact with both the regülatör tab 
and PCB pad. You may need to hold it 
there for some time before the whole 
assembly heats up enough for the solder 


to flow down onto the board. Keep add- 
ing solder until the tab is covered and 
looks shiny, then remove the heat. Use 
a similar technique to fit REG2. 

Inductors L3 and L4 are similarly 
quite large, so again, spread flux paste 
on each of their pads before soldering. 
You can then add some solder to one 
of the pads and slide the inductor into 
place while heating that solder. 

Again, you may need to wait some 
time before the inductor heats up 
enough to slide fully into place and 
you can then add more solder until a 
nice, shiny fillet has formed. Let that 
cool down a little, then solder the 
opposite end, again waiting until it’s 
hot enough to form a good joint (this 
should be quicker as both the inductor 
and PCB will retain significant heat). 

The next components on the list 
are REFl, Ql, Q2 and diodes D4-D11. 
These are ali in small 3-pin SOT-23 
packages so don’t get them mixed 
up. The eight diodes are ali the same 
type. In each case, tack solder one 
pin, check that the pins are properly 
aligned, solder the other two pins and 
then refresh the initial pin. It’s easier 
if you spread a little flux paste on the 
pads before soldering each part. 

Now fit diodes Dl and D2, which are 
in similar but slightly smaller pack¬ 
ages than D4-D11, followed by diode 
D3, which is in a two-pin rectangular 
or cylindrical package. Make sure its 
cathode stripe faces towards REG2 
(indicated with a ‘k’ on the PCB). You 
can then fit ali the ceramic capacitors 
and resistors to the board, as well as 
SMD ferrite bead FBI, where shown 
in Fig.8. Orientation is not critical for 
any of these. 

Remember that if you’re using a 
TPS73734 regülatör, rather than the 
suggested TPS37301, you will need 
to omit the 1.8kQ resistor and replace 
the lk£l resistor with a lOnF capacitor. 

Through-hole components 

With ali the SMDs in place, you can 
now proceed to solder slide switch 


Sl, SMA connector CONl, barrel 
connector C0N5 (if being fitted) and 
BNC sockets C0N2 and C0N3. In each 
case, ensure the part is pushed down 
fully onto the PCB before soldering the 
pins. The larger metal connectors such 
as CONl require quite a bit of heat to 
form good solder joints. 

Note that the pads for CONl are 
designed to allow either a right-angle 
or edge-mounting (‘end launch’) 
connector - we recommend using a 
right-angle connector like we did in 
our prototype, so that it lines up with 
BNC sockets C0N2 and C0N3. 

Power indicator LEDl was not fit¬ 
ted to our prototype but we decided 
it would be handy and so have added 
it to the final version, located just to 
the left of output connectors C0N2 
and C0N3. Bend its leads through 90° 
close to the base of the lens, so that 
the longest lead will go through the 
hole towards the right-hand side of 
the board, marked ‘A’ in Fig.8 and on 
the PCB. Solder it with around 6mm 
of lead length above the PCB, so that 
its lens lines up with C0N1-C0N3. 

İnitial testing and use 

Ideally, you should connect an am- 
meter in series with the DC power 
supply the first time you fire up the RF 
Prescaler . Quiescent current should 
be close to 380mA (or 370mA on the 
10:1 divider setting). Less than 3 5 Om A 
suggests that at least one device in the 
Circuit is not getting sufficient voltage, 
while much more than 400mA pos- 
sibly indicates a short Circuit. 

If the initial current drain is not 
in the range of 325-425mA, switch 
off immediately and carefully check 
the PCB for assembly faults, such 
as adjacent pins being bridged, bad 
solder joints or incorrectly placed or 
oriented components. Use good light, 
a magnifier and if necessary, clean flux 
(or other) residue off the board using 
methylated spirits or another similar 
solvent so that you can see it properly. 

Assuming the current is in the right 
range, use a DMM to check the voltages 
at the three test points provided, la- 
belled 1.4V, 3.4V and 5V. These are 
the voltages you should expect at each 
point. The 1.4V test point should be 
between 1.35V and 1.45V, the 3.4V test 
point between 3.35V and 3.45V, and 
the 5V test point around 4.75-5.25V 
(possibly slightly higher or lower if 
you’re using the USB supply option). 

If the 1.4V test point is off, that sug¬ 
gests a problem with REFl. If the 3.4V 
test point is off, you may have fitted 
incorrect divider resistors for REG2. 

On our prototype, we used a 
TPS73701 (adjustable version of REG2) 
and found the 3.4V rail was a little low 
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Parts list - 1000:1 6GHz+ Prescaler 


1 double-sided PCB, available from the EPE PCB Service, coded 04112162, 89 x 53.5mm 
1 diecast aluminium case, 111 x 60 x 30mm 

1 high-frequency SMD ferrite bead, 3216/1206 size (FBI) 

2 Mini-Circuits ADCH-80A+ VVideband RF choke (L1 ,L2) (available from www.cseonline.com.au or the Silicon Chip 

Online Shop) 

2 47^14 6 x 6mm SMD inductors (L3,L4) 

1 SMA right-angle through-hole or edge-mounting connector, 50Q, >6GHz (CON1) 

2 PCB-mount right-angle BNC sockets (CON2,CON3) 

1 SMD microUSB socket (CON4) AND/OR 

1 PCB-mount 2.1 mm or 2.5mm İD DC barrel socket (CON5) 

1 C&K SK-14D01-G 6 PCB-mount right-angle SP4T micro slide svvitch (SI) 

1 SMAmale-to-BNC female adaptör (optional, for connecting BNC-equipped signal sources) 

1 BNC T adaptör and 50Q or 75C2 termination plug (optional, for driving high-impedance equipment) 

1 9V DC regulated supply with plug to süit CON5 OR 
1 5V USB supply with Type-Ato microUSB cable (see text) 

4 M3 x lOmm pan-head machine screws and nuts 
8 3mm İD 6mm OD 1 mm thick Nylon vvashers 
4 M3 Nylon nuts 
4 small rubber feet (optional) 


Semiconductors 

2 Mini-Circuits ERA-2SM+ vvideband RF amplifiers [Micro-X] (IC1,IC2) (available from www.cseonline.com.au orthe 
Silicon Chip Online Shop) 

1 HMC438MS8GE 7GHz divide-by-five prescaler [MS8G] (IC3) 

1 MCI 00EP016A 3.3V ECL8-bit synchronous counter [LOFP-32] (IC4) 

1 TPS73701DCQ (adjustable) or TPS73734DCO (fixed) 1A low-dropout linear regülatör (REG1) 

1 78M05 5V 0.5A linear regülatör [D-PAK] (REG2) 

1 AZ431LANTR-G1DI lOOmA 1.24V adjustable shunt reference [SOT-23] (REF1) 

2 MMBT3640 12V 200mA 500MHz PNP transistors [SOT-23] (Q1 ,Q2) 

1 3mm blue LED (LED1) 

2 1PS70SB82 Schottky diodes [SOT-323/SC-70] (Di ,D2) 

1 S1G or equivalent lAdiode [SM-1/SMA] (D3) 

8 BAT54C Schottky dual diodes [SOT-23] (D4-D11) 


Capacitors (ali SMD ceramic 3216/1206 size unless othervvise stated) 

3 10pıF 16V X7R 

4 1 (j.F 16V X7R 

2 lOOnF 50V X7R 

9 10nF 50V NP0/C0G, 2012/0805 size (one unused when REG1=TPS73701) 
2 lOOpF 50V NP0/C0G, 2012/0805 size 


Reproduced by arrangement 
with SILICON CHİP 
magazine 2018. 
www.siliconchip.com.au 


Resistors (ali SMD 3216/1206 size, 1%) * only required when REG1=TPS73734 ** may be required to trim 
REG1 output voltage 

1 68kQ** 1 30kQ** 1 1.8kQ* 2 1.1kQ 1 1kQ* 1 330Q 4 300Q 

1 150Q 2 1OOft 1 82Q 5 510 2 33Q (2012/0805 size) 


at around 3.328V, presumably due to 
resistor tolerances. We solved this by 
soldering a 30kf2 resistor across the top 
of the lkf2 resistor, bringing the 3.4V 
rail up to 3.399V. 

We’ve added 30kQ and 68kQ resis¬ 
tors to the parts list. If your 3.4V rail is 
below 3.34V, solder the 30kQ resistor 
in parallel with the lkfl resistor, while 
if it’s between 3.34 V and 3.3 7 V, use the 
68kQ resistor instead. Between 3.37V 
and 3.5V should be OK. An output 
from REGl above 3.5V is unlikely. 

If you use the fixed version of REG2 
(TPS73734) its output should be be- 
tween 3.36 and 3.44V so it should not 
require any trimming. 

Assuming the voltages seem OK, the 
next step is to hook the output(s) of the 
prescaler up to your frequency counter 
or scope. If this device has an option 



Fig.10: same-size artwork for the RF Prescaler front panel. There are no holes in 
the top panel to be drilled. We used only the inner portion of the artwork as you can 
see from our photos. You can photocopy this artwork without breaking Copyright 
- or if you prefer, it can also be downloaded (as a PDF) from the EPE website. 
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REAR OF HB-5062 BOX 


ALL DIMENSIONS İN MILUMETRES 


Fig.9: drilling detail for the diecast box. You don’t need both the 7mm hole and 
the micro USB slot on the rear if you only intend to use one power source. 


for (or a fixed) 50Q input impedance, 
select this. If your counter/scope only 
has a high impedance input, you will 
need to terminate the cable at its input 
using a 50Q or 75Q resistor. 

Assuming this device has a BNC 
input, you can do this by connecting 
a BNC T adaptör to that input, with a 
termination plug on one end and the 
cable from the RF Prescaler on the 
other; see Fig.7. 

You also need a signal source which 
can produce a signal of at least 5MHz 
(and ideally higher) into a 50f2 load. 
Connect this up to the RF Prescaler’s 
input, power it up and check the read- 
ing from the output(s). Confirm that it 
is steady and in the expected range. 
Move switch Sl and check that the 
frequency reading is as expected on 
each setting; its left-most position is 
1000:1 and right-most is 10:1. 

Ensure that your signal generator 
can produce sufficient amplitude for 
correct operation, as shown in Fig.6, 
keeping in mind that the higher the 
frequency, the less signal you need 
for the RF Prescaler to operate. Not e 
also that it will operate with signal 
levels a few dB below the sensitivity 
curve shown in Fig.6 with increasing 
jitter (and thus possibly decreasing 
accuracy in the reading) the further 
below the curve your signal is. 

Putting it in a case 

While we found the RF Prescaler oper- 
ated reasonably well without a case, it’s 
usually a good idea to shield RF equip- 
ment, both to prevent interference from 
affecting its operation and to prevent it 
from producing too much EMİ which 
might affect other equipment. 

Hence, our RF Prescaler is designed 
to fit in an inexpensive diecast alu- 
minium case measuring 111 x 60 x 
30mm (Jaycar HB5062). If you have 
a drill press and are reasonably expe- 
rienced with machining aluminium, 
it should take you about one hour to 
install it in the case. 

Start by printing out the drilling 
templates, shown in Fig.9 and also 
available for dovmload as a PDF from 
the EPE website. Cut these out and 
glue/tape them onto the front and 
back of the case, centred as well as 
is possible. 

Centre punch the holes and drill 
each one using a 3mm pilot hole. For 
the rectangular cut-out on the front 
panel, drill three 3mm holes inside 
the outline, one at either end and one 
in the centre. 

The rectangular cut-out on the rear 
is only necessary if you’re using a USB 
power supply. The rectangle shown is 
large enough to expose the microUSB 
connector; however, you will probably 


have to expand it considerably to get 
the plug to fit in. Alternative, if using 
a DC plugpack (as recommended), you 
can drill the adjacent hole instead. 

Önce each pilot hole has been 
drilled, use either a stepped drill, 
series of larger drill bits or tapered 
reamer to enlarge each hole to its final 
size. File any rectangular cut-outs hat 
and then enlarge them to size. 

Make sure each hole is clean (ie, no 
swarf) and get rid of ali the aluminium 
shavings, then remove the nuts and 
washers from the BNC connectors and 
test fit the PCB in the case. You will 
need to angle it in. The front panel 
holes are slightly oversize to give you 
enough room to do so. 

Don’t force it in if it won’t go in 
easily; if you do, you may not be able 
to get it out! Simply enlarge the holes 
slightly and it should pop in with only 
modest force and you can then drop 
it down to be parallel with the base. 
We suggest that you put switch Sl in 
one of the centre positions initially, 
then önce the PCB is in the case, make 
sure the slot is wide enough to allow 
ali four positions to be used. 

Make sure that you check that 
the rear panel hole(s) are 
large enough to make a 
good power supply con- 
nection to the PCB. Most 
barrel plugs should be 
long enough to fit through 
the hole and into the con¬ 
nector. If yours isn’t, you 
may need to cut it off and 
solder a longer one onto 
the plugpack. 

With the PCB in the 
case, you can now use it 
as a drilling template to 
drill four 3mm holes in 
the base. Remove the PCB 
by lifting the rear and then 


pulling it out, then clean out the alu¬ 
minium dust. 

Now, feed a lOmm machine screw 
up through one of the holes in the base 
and place two of the lmm-thick nylon 
washers över its shaft, then screw on a 
nylon nut until the screw thread is just 
about poking through the nut. Repeat 
for the other three holes. If you’re us¬ 
ing screw-on rubber feet, you should 
pass the lOmm machine screws up 
through the feet before feeding them 
into the case. 

If you lift the case up, the screws 
should drop down, leaving just the 
two nylon washers and nut sitting on 
the bottom of the case in each corner. 

This should give you enough room 
to lever the PCB back in. Press down 
on one corner of the PCB and rotate 
that screw clockwise until its shaft 
is just poking through the PCB, then 
hold an M3 nut down on the shaft and 
continue tightening until the screw has 
göne ali the way into the base and the 
nut is holding the PCB down. 

Repeat for ali four corners. You can 
now place the washers back över the 
BNC connectors and screw the nuts 
back on. 



Fitting the completed PCB into the case is very much 
a ‘shoehorn’ affair, but it does fit! Don’t force it - a 
bit of judicious ‘jiggling’ should get it in place. 
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Wln a Mlcrochlp 
Curlosity HPC 
Development Board 

E VERYDAY PRACTICAL ELECTRONICS is offering its readers the chance to win a Win a Microchip Curiosity HPC 
Developmerıt Board (DM164136). 

Curiosity HPC is the perfect platform to harness the power of modern 8-bit PIC microcontrollers. İts layout and external 
connections offer unparalleled access to the Core Independent Peripherals (CIPs) available on many nevver 8-bit PIC 
MCUs. These CIPs enable the user to integrate various system functions onto a single MCU, simplifying the design and 
keeping system povver consumption and BOM costs low. 

This board provides flexibility for experimentation through an application header with ground (GND) and supply voltage 
(VDD) connections. İt also includes a set of indicator LEDs, push button svvitches, and a variable potentiometer. Addition- 
ally, it features two mikroBUS headers to accommodate a variety of plug-in Click boards that can be used in application 
development. Ali connections to the mikroBUS headers, LEDs, svvitches and potentiometer are labelled vvith the microcon- 
troller port name for ease of programming. The full pin breakout of the microcontroller is provided to expand the flexibility 
of the Curiosity HPC Development Board. 

Curiosity HPC is fully compatible vvith MPLAB Code Configurator and MPLAB X v3.05 or later. 

The Curiosity HPC Development Board accommodates 40- and 28-pin 8-bit microcontrollers. 



HOW TO ENTER 


For your chance to win a Microchip Curiosity HPC Development Board, visit www.microchip-comps.com/epe-hpc 
and enter your details in the entry form. 


CLOSING DATE 

The closing date for this offer is 31 May 2018. 
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Micromite BachPach U2 



The Micromite LCD BackPack described in the May 2017 issue 
has been a very popular project. This revised version incorporates 
the Microbridge described in this issue. It adds a USB interface 
and the ability to program/reprogram the PIC32 chip while it’s 
onboard. And the BackPack V2 also adds sofhvare control över 
the LCD backlight. 


T he Micromite LCD BackPack has 

been a huge hit since it was intro- 
duced in May last year. For those who 
missed it, the BackPack combines the 
Micromite, which is a low-cost, high- 
performance microcontroller pro- 
grammed in BASIC, with an equally 
low-cost LCD touchscreen. 

Together, the pair make a potent 
combination, allowing you to easily 
design a gadget with an advanced 
user interface. We have published 
quite a few examples of this, for 
example, the DDS Signal Generator 
in last month’s issue of EPE - see 
April 2018. 

While the original Micromite LCD 
BackPack was easy to build, it did re- 
quire you to use an external USB/se- 
rial converter so that you could load 
and run programs. 

You also needed a PIC32 program- 
mer to load and update the MMBasic 
firmware in the Micromite, and many 
people felt that the cost of a genuine 
PlCkit 3 programmer from Microchip 
was too expensive. 

This new design includes both the 
USB/serial interface and PIC32 pro- 
gramming capability in a single addi- 
tional chip, dubbed the Microbridge 
- see the separate article describing 
its operation in this issue. 


Because the Microbridge is so cheap, 
it has been designed to be a permanent 
part of the Micromite BackPack V2. So 
now you can update the firmware in 
the Micromite and edit your BASIC 
program without any extra hardware. 

We have also included the ability 
to control the LCD backlight bright- 
ness from within the BASIC program 
running on the Micromite. 

This requires just four additional 
components plus the use of an 
extra I/O pin on the Micromite. These 
components are optional; you can 
either include them or use the original 
brightness control arrangement with 
a trimpot (keeping the PWM pin free 
for other uses). 

Apart from the above additions, this 
new version of the Micromite LCD 
BackPack is exactly the same as the 
original. It is programmed in the same 
way, the I/O pins are the same and it 
will happily run programs written for 
the original version. It’s the same basic 
formula but easier to use. 

Circuit details 

Fig.l shows the complete Circuit for 
the revised Micromite LCD BackPack, 
incorporating the Microbridge. IC2 is 
a Microchip PIC16F1455 microcon¬ 
troller, which is both a USB/serial 


converter and a PIC32 programmer 
- the standalone Microbridge article 
(see page 28) describes its function 
in more detail. 

When running as a USB/serial 
converter, pin 5 on the PIC16F1455 
receives data (ie, data from the 
Micromite to the PC USB interface) and 
pin 6 transmits data (from the PC USB 
interface to the Micromite). These sig- 
nals also run to the edge pins for the 
console connection (CONl) in case you 
build this PCB but for some reason do 
not plug the Microbridge IC (IC2) into 
its socket. In this case, you can use an 
external USB/serial converter. 

The PIC32 programming interface 
from the Microbridge is on pins 7, 2 
and 3 of IC2. These provide the re- 
set function, program data and clock 
signals respectively. These connect 
to pins 1, 4 and 5 on the Micromite 
(ICl). The programming output on the 
Microbridge is only active when 
it is in programming mode, so the 
Microbridge do e s not interfere with 
the Micromite when it is using pins 
4 and 5 as general purpose I/O pins. 

As described in the Microbridge 
article, switch Sl is used to select pro¬ 
gramming mode and LEDl indicates 
the mode (lit solid when in program¬ 
ming mode). 
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Fig.l: complete Circuit of the BackPack V2 , incorporating the Microbridge (IC2) which acts as both a USB/serial converter 
and PIC32 programmer. Micromite chip ICl runs the show, while REGl supplies both ICs with a regulated 3.3V. ICl has an 
internal ‘core’ regülatör to provide itself with 1.8V which is filtered by the external 47pF tantalum or ceramic capacitor. 


CON2 is the main I/O connector for 
the Micromite and is designed so that 
it can plug into a solderless breadboard 
for prototyping. The connector also 
makes it easy to add a third PCB to the 
LCD BackPack ‘stack’, which can carry 
circuitry specific to your application 
(such as amplifiers or relay drivers). 
This connector is wired identically to 
the original BackPack. 

The Micromite communicates with 
the LCD panel using an SPI interface 
where pins 3 and 14 (on the Micromite) 
carry data to/from the LCD, while pin 
25 provides the clock signal. When the 
Micromite pulls pin 6 low, it is com- 
municating with the LCD panel, and 
when pin 7 is pulled low, the Micro¬ 
mite will be communicating with the 
touch controller on the display panel. 

The 28-pin Micromite has only one 
SPI port and so pins 3, 14 and 25 (SPI 
data and clock) are also made avail- 
able on CON2 so that you can also use 
this SPI serial channel to communicate 
with external devices. 

Backlight control 

For controlling the brightness of the 
LCD’s backlight you have two choices. 
The First is to fit MOSFETs Ql and Q2 
to the PCB, along with their associated 


resistors (this area is marked with a box 
on the PCB). When you do this, PWM 
output 2A on the Micromite is used to 
control the backlight brightness from 
within your program. This is described 
in more detail later. 

Alternatively, as with the original 
BackPack you can fit VRl, which is 
a 100Q trimpot. This is in series with 
the power to the backlight LEDs so it 
limits the current drawn by them and 
therefore sets the brightness. Note that 
you should install one set of compo- 
nents or the other (not both). 

In both cases, the LCD panel has a 
3.9Q resistor in series with the back¬ 
light so you will not burn out the 
backlight if you set the PWM output to 
100% or wind VRl ali the way around 
to zero ohms. 

The power supply is derived 
from either the 5V connector pin on 
CONl, or if JPl is installed, from USB 
connector CON4. Powering the Micro¬ 
mite LCD BackPack from USB power 
is handy during program develop- 
ment, but for an embedded control¬ 
ler application, you would normally 
remove the jumper from JPl and sup¬ 
ply 5 V power via CONl. Note that you 
should not try to power the BackPack 
from both CONl and USB as you could 


cause damage to the USB interface on 
your Computer. 

The 3.3V power supply for both 
the Micromite and the Microbridge is 
provided by REGl, which is a fixed 
output regülatör with a low dropout 
voltage suitable for use with USB 
power supplies. This supply is also 
made available on CON2 so you can 
use it for powering external circuits 
(to a maximum of 150mA). 

Sourcing the LCD panel 

The ILl9341-based LCD panel used in 
the Micromite LCD BackPack comes in 
three sizes: 2.2-inch, 2.4-inch or 2.8-inch 
diagonal. 

The PCB for the Micromite LCD Back¬ 
Pack V2 is designed to süit the mount- 
ing holes for the 2.8-inch version; 
however, compatible displays of any 
of these three sizes will plug into the 
PCB and will work perfectly. So your 
only issue with using a 2.2-inch or 2.4- 
inch display will be that you will need 
to use some other physical mounting 
arrangement. 

These displays also have an SD card 
socket, but it’s not Micromite supported 
due to memory limitations. 

The best place to find a suitable 
display is AliExpress or eBay, but 
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Flrmuvare npdates 

For firmware updates and manual 
please check the author’s vvebsite 

at: geoffg.net/micromite.html 

You should also check out the Back 
Shed forum at: www.theback- 
shed.com/forum/Microcontrol- 
lers where there are many Micro- 
mite enthusiasts who are happy to 
help beginners. 



The underside 
of the 2.8-inch 
ILI9341-based LCD 
panel we used 
in the Micromite 
BackPack V2. On 
the other side of the 
PCB to the top right 
of the LCD screen 
are the letters 
2812C-SZ, which 
may prove useful 
when searching for 
this modüle. 


other online markets also have them 
as well as some online retailers. 
There are many variations on offer, 
so make sure the display you pur- 
chase matches the photographs in this 
article. This is important; the Micro¬ 
mite has been extensively tested with 
the photographed display so you can 
be sure that it will work. Also ensure 
the touch controller is installed. 

Other features to look out for in a 
compatible display are an orange PCB, 
a resolution of 320 x 240 pixels and 
an SPI interface. Often, the descrip- 
tion will emphasise that the display 
is for use with the Arduino, but that is 
not relevant; it will work just as well 
with the Micromite. On eBay, the best 
way to find a suitable display is to 
search for the phrase TLI9341 LCD’. 
You should find many displays from 
US$7.00 upwards. 

If you don’t want to deal with any 
of that, then we recommend you pur- 
chase a kit from micromite.org - our 
preferred supplier for ali things Micro¬ 
mite. The kit includes the LCD touch- 
screen, PCB, programmed microcon- 
trollers and ali the other bits you need 
to build the BackPack V2 (apart from 
the acrylic lid) 

Construction 

Refer to the PCB overlay diagram, 
Fig.2. As usual, start construction 
with the low profile components 
such as resistors and work your way 
up to the bigger items such as the 
connectors. 

Begin with the USB socket as this 
is the only required SMD component. 
Match the two small plastic pegs on 
the connector with the correspond- 
ing holes on the PCB and then solder 
the connector’s mounting lugs using 
plenty of solder for strength. 

Finally, using a fine point solder- 
ing iron tip, solder the signal pins. 
Examine the pin solder joints carefully 
under good light with magnification 
and clean up any bridges with solder 
wick and a little flux paste. 

If you are installing the backlight 
PWM control components, you should 


mount Ql and Q2 next as they are also 
surface mount types. They are not hard 
to solder as their pin spacing is quite 
wide. Don’t get them mixed up as they 
look almost identical. 

We recommend using a socket for 
both ICl and IC2 as that will enable 
you to swap out the chips if you sus- 
pect that you have damaged one or 
both. The 14-pin female connector 
used for C0N3 (the LCD panel) is 
difficult to source so unless you’ve 
purchased a kit, the best approach is to 
cut down a longer header to size and 
then use a file to smooth the rough edge 
so that it looks presentable. 

The lOpF and 47pF tantalum ca- 
pacitors are polarised (the longer lead 
is positive) so make sure that they are 
oriented according to the silk screen 
on the PCB. The 47pF capacitor is par- 
ticularly critical and must be a tanta¬ 
lum or ceramic type, not electrolytic. 
Rather than using tantalum capacitors, 
we prefer to use SMD ceramic types 
with an X5R dielectric. In this case, 
you can use lOpF 6.3V capacitors in 
ali three locations. They tend to be 
more reliable than tantahıms, but are 
not as easy to obtain. 

When soldering the pin headers 
for CONl (power) and CON2 (input/ 
output), remember that the headers 
should be mounted on the underside 
of the board, as illustrated in the pho- 
tos. Don’t mistakenly mount them on 
the top of the board because they will 
then be impossible to reach when an 
LCD panel is attached. 

Before you plug the microcontrol- 
lers into their sockets, it is prudent 
to apply power and check that 3.3V 
is on the correct pins of ICl and IC2, 
and 5V is on the correct pin of CON3. 
With that check made, remove power 
and plug in both microcontrollers and 
the LCD panel. 

If you have a blank PIC16F1455 
microcontroller, it should be pro¬ 
grammed with the latest Microbridge 
firmware (2410417A.HEX), which can 
be downloaded from the EPE website. 
This can also be done using another 
Micromite and a 9V battery; see the 


Microbridge article for details on how 
to do this. 

The BackPack PCB and the LCD 
panel can then be fastened together 
on ali four corners with 12mm tapped 
spacers and M3 machine screws. Be 
careful when handling the LCD panel. 
The ILI9341 controller is sensitive to 
static electricity and can be easily de- 
stroyed with careless handling. Make 
sure that you are grounded when han¬ 
dling the display and avoid touching 
the connecting pins. 

Programming the PIC32 

If you have a blank PIC32 chip, this 
needs to be programmed with the Mi¬ 
cromite firmware via the Microbridge. 
This procedure is covered in detail 
in the Microbridge article so we will 
only provide an abbreviated descrip- 
tion here. 

The first step is to get the Microbridge 
working as a USB/serial bridge. This 
involves installing the correct driv- 
ers (available from www.microchip. 
com/wwwproducts/en/MCP2200) and 
launching a terminal emulator and con¬ 
necting to the COM port created by the 
Microbridge. You can verify that eve- 
rything is working correctly by typing 
characters into the terminal emulator 
and checking that LEDl on the Back¬ 
Pack flashes with each keystroke. 

Now close the terminal emulator. 
This is important, as the programming 
operation will fail if it is stili öpen. 
You need a Windows Computer for the 
next step. Run the program pic32prog 
(available for download from the au¬ 
thor’s website) in a command prompt 
box with the command line: 

pic32prog -d ascii:comxx yyyy.hex 

Where xx is the COM port number cre¬ 
ated by Windows for the Microbridge 
and yyyy.hex is the file containing the 
latest Micromite firmware. For exam- 
ple, if your Microbridge was allocated 
the virtual serial port of C0M6 and the 
file that you wanted to program was 
Micromite_5.04.08.hex, the command 
line that you should use would be: 
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The Micromite LCD BackPack V2 includes the Microbridge 
(the 14-pin chip at left) which incorporates a USB/serial 
converter and a PIC32 programmer. You can also control the 
LCD backlight brightness via the BASIC program running on 
the Micromite. This uses four components that can be seen 
below ICl. Note, this is an early prototype and the final PCB 
differs slightly (it includes an extra 10kQ resistor above IC2). 


Fig.2: follow this overlay diagram to build the Micromite LCD 
BackPack V2. CON4 is the only required SMD component; 
SMD ceramic capacitors can optionally be used in place 
of the tantalum types for better reliability. If fitting Ql and 
Q2, be sure to also install the two associated resistors and 
leave VRl out. Note that CONl and CON2 are fitted to the 
underside of the board. 


pic32prog -d ascii:com6 
Micromite_5.04.08.hex 

When you press Enter, pic32prog will 
automatically run through the pro- 
gramming sequence and then return to 
USB/serial mode. You can then launch 
your terminal emulator and when you 
press return you should see the Micro¬ 
mite command prompt (a greater than 
Symbol V). 

Fault finding 

Your BackPack should work first time, 
but if it does not, the first thing to do 
is check that the correct power volt- 
ages are on the ICl and IC2 sockets 
and CON3 (the LCD connector). Then 
check the 5 V current drain for the full 
modüle, including the LCD; it should 
range from lOOmA to 200mA, depend- 
ing on the setting of the backlight. If it 
is substantially lower than this, check 
that the PIC32 and the LCD are cor- 
rectly seated in their sockets. 

With the LCD removed, the current 
drain should be about 30mA. If it is a 
lot less than this, it indicates that the 
PIC32 processor has not started up 
and in that case, the 47pF capacitor 
is the most likely culprit. It must be a 
tantalum or multilayer ceramic type; 
not an electrolytic. 

If the current drain is correct, check 
that the Microbridge is working correct- 
ly. Does your PC recognise it as a valid 
USB device? Do you have the correct 
driver installed? Do you have your ter¬ 
minal emulator configured correctly? 

You can check the Microbridge’s 
operation by typing characters into 
your terminal emulator and watching 
for the LED to flash as they are received 
by the Microbridge. 


type the following line at the command 
prompt (via the USB/serial connection 
and your terminal emulator software) 
and hit the enter key: 

OPTION LCDPANEL ILI9341, L, 2, 

23,6 

This telis the Micromite that the LCD 
panel is connected and which I/O 
pins are used for critical signals such 
as reset and device select. This option 
only needs to be entered önce because 
the Micromite will store the setting 
in internal non-volatile memory and 
will automatically recall it whenever 
power is applied. 

Following this command, the 
Micromite will initialise the display 
(which should go dark) and return to 
the command prompt. You can test the 
display by entering the following at the 
command prompt: 

GUI TEST LCDPANEL 

This will cause the Micromite to 
draw a series of rapidly overlapping 
coloured circles on the display as 
shown in the photo overleaf. This 
animated test will continue until you 


press a key on the console’s keyboard 
and MMBasic will then return to the 
command prompt. To configure the 
touch feature, enter the following at 
the command prompt: 

OPTİON TOUCH 7,15 

This allocates the I/O pins for the 
touch controller and initialises it. This 
option is also stored in non-volatile 
memory and is automatically applied 
on power-up. Before you can use the 
touch facility, you need to calibrate 
it. This is done with the following 
command: 

GUI CALİBRATE 

This will cause MMBasic to draw a 
target in the upper left-hand corner of 
the screen. Using a pointy but blunt 
(ie, not too pointy) object, such as a 
toothpick, press on the exact centre 
of the target. After a second, the target 
will disappear and when you lift your 
implement another target will appear 
at upper right. 

Continue pressing on the targets in 
this fashion until you have calibrated ali 
four corners of the screen. The message 
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onfiguring the Micromite The underside of the prototype LCD BackPack V2 contains the pin connections 

The next step is to configure the Mi- for the Micromite. Note that the 10kQ resistor soldered between pins 1 and 7 of 
cromite for the LCD panel. To do this, the PIC16F1455 is soldered through-hole on the top layer of the final PCB. 
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This is what the screen looks like when running 
‘GUI TEST LCDPANEL’ as it draws a series of coloured 

circles on top of one another. 


Win a BackPack v2 

EPE is running a competition to win a 
fully-assembled Micromite BackPack v2 
thanks to the generous sponsorship of 
Micromite online shop micromite.org 

For entry details, please turn to page 27 


‘Done. No errors’ shouldbe displayed on 
the console. You also might get a mes- 
sage indicating that the calibration was 
inaccurate and in that case you should 
repeat it, taking more çare to press stead- 
ily on the centre of each target. 

As before, these calibration details 
are saved in non-volatile memory and 


[pteflro® mı 


1 double-sided PCB, available 
from the EPE PCB Service, 
coded 07104171,86mm x 
50mm 

1 ILI9341-based touchscreen 
LCD panel, 320 x 240 pixels, 
2.8-inch diagonal (2.2 or 2.4- 
inch displays need special 
mounting) 

1 PCB-mount SPST momentary 
tactile pushbutton (SI) 

1 100D 0.5W vertical side-adjust 
trimpot (only fit if Q1 and Q2 
are omitted) 

1 28-pin narrow low-profile DİL IC 
Socket (for IC1) 

1 14-pin low-profile DİL IC Socket 
(for IC2) 

1 2-pin male header, 2.54mm 
pitch and jumper shunt (JP1) 

1 4-pin male header, 2.54mm 
pitch (CON1) 

1 18-pin male header, 2.54mm 
pitch (CON2) 

1 14-pin female header socket, 
2.54mm pitch (CON3) 

1 mini Type-B USB 2.0 socket, 
SMD mounting (CON4) 

4 M3 x 12mm tapped spacers 

4 M3 x 6mm pan-head machine 
screvvs 

4 M3 x 8mm pan-head machine 
screvvs 

4 nylon vvashers, 3mm İD, 6mm 
OD, Imm thick 

1 laser-cut lid (optional) 


Semiconductors 

1 PIC32MX170F256B-50I/SP 
microcontroller-a 
PIC32MX170F256B-I/SP can be 
used but vvill be limited to 40MHz 

1 PIC16F1455-l/P 

microcontroller programmed 
vvith Microbridge firmvvare 
(IC2) - the PIC16LF1455-l/P 
and PIC16(L)F1454-l/P are 
also suitable 

1 MCP1700-3302E/TO 3.3V 
linear regülatör (REG1) 

1 3mm red LED (LED1) 

1 2N7002 N-channel MOSFET, 
SOT-23 package (Q1) 

(optional, for PWM-controlled 
LCD backlight) 

1 DMP2215L P-channel 

MOSFET, SOT-23 package 
(Q2) (optional, for PWM- 
controlled LCD backlight) 

Capacitors 

3 lOOnF multi-layer ceramic 

2 10pF 16V tantalum or SMD 
ceramic, X5R, 3216 (1206) 
size 

1 47pF 16V tantalum or lOpF 

SMD ceramic, X5R, 3216 
(1206) size 

Resistors (ali 0.25W, 5%) 

2 10kD (1 optional, for PWM- 
controlled LCD backlight) 

2 IkO (1 optional, for PWM- 
controlled LCD backlight) 


vvill be re-applied at power up. You 
can now test the touch facility vvith 
the command: 

GUI TEST TOUCH 

This vvill clear the screen and vvhen 
you touch it, pixels vvill be illuminated 
at the touch point. This enables you 
to test the accuracy of the calibration. 
Pressing any key in the console vvill 
terminate the test. 

Using the Microbridge 

Using the Microbridge interface is 
quite easy. If you have identified the 
COM number allocated by your oper- 
ating system, you can enter this into 
the set-up of your terminal emulator 
(vve recommend Tera Term for Win- 
dovvs). The Microbridge defaults to 
a speed of 38,400 baud, so your ter¬ 
minal emulator vvill need to be set to 
a value of 38,400 baud to match the 
default speed used by the Micromite’s 
console. 

You can change the interface to a high- 
er speed, vvhich makes program loading 
faster and more convenient. For exam- 
ple, at 230,400 baud the built in Mi¬ 
cromite editör (the EDIT command) is 
blazingly fast. To make the change, you 
need to set the interface speed on the 
Micromite and then in your terminal 
emulator. First, change the speed of the 
Micromite by issuing the follovving 
command at the command prompt: 

OPTION BAUDRATE 230400 

The Micromite vvill immediately svvitch 
to this speed so you vvill see some junk 
characters in your terminal emulator 
vvindovv. You then need to re-configure 
your terminal emulator for 230,400 
baud. Press Enter and you should see 
the MMBasic command prompt (V). 
Both the terminal emulator and the Mi¬ 
cromite vvill remember this nevv speed 
so you do not need to set it again. 

If you configure the Micromite to 
some other baud rate and forget vvhat 
it is, you may be stuck vvith a Micro¬ 
mite that you cannot communicate 
vvith. If that happens, you can restore 
the Micromite to its original defaults 
using the Microbridge. 

The reset can be performed by 
pressing the mode svvitch on the 
Microbridge for tvvo or more seconds, 
vvhile simultaneously sending a 
continuous stream of exclamation 
marks at 38,400 baud, via your 
terminal emulator. Then release the 
mode svvitch vvhile stili sending excla- 
mation marks for another tvvo or more 
seconds. This causes the LED to flash 
and the MCLR line is briefly driven 
lovv to cause the reset. 
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This will completely restore the 
Micromite to its initial configuration 
of 38,400 baud and erase any program 
and options held in memory. As a 
result, you will need to re-configure 
the Micromite for the LCD panel as 
described earlier. 

Backlight control 

If you installed the 100f2 trimpot for 
manual backlight control, the bright- 
ness adjustment is as simple as tweak- 
ing VRl to your preference. 

If you installed the components 
for the PWM-controlled backlight (ie, 
Ql, Q2 and the two associated resis- 
tors), the brightness is controlled via 
the PWM command in MMBasic. By 
default, the backlight will be at full 
brightness but it can be controlled with 
the following command: 

PWM 2, 250, xx 

where ( xx’ is the percentage of full 
brightness required. This can range 
from 0 to 100. For example, a bright¬ 
ness of 75% is a good compromise 
between visibility and power con- 
sumption and this can be set with the 
following command: 

PWM 2, 250, 75 


VVithin a program, you can get a nice 
fade from full brightness to black by 
using the following program fragment: 

FOR i = 100 to 0 STEP -1 
PWM 2, 250, i 
PAUSE4 
NEXT i 

The PWM output used for the back¬ 
light control appears on pin 26, so this 
pin is not available for general I/O if 
you installed the components for the 
programmed controlled backlight. 

Interfacing with other circuitry 

The Micromite LCD Backpack 
interfaces to the world using CON2, 
the main I/O connector. This is 
designed so that you can plug it into 
a solderless breadboard or connect to 
a third board mounted on the back of 
the BackPack (eg, see the Touchscreen 
Voltage/Current Beference project 
in the October and December 2017 
issues). The silk screen on the PCB iden- 
tifies each pin on the connector. The 
GND, 5V and 3.3V pins can be used to 
power your external interface circuitry. 

The maximum current that can be 
drawn from the 3.3V pin is 150mA, 
while the maximum 5V load will 
depend on your 5V supply. The 


RESET pin is normally at 3.3V, pulled 
up by the onboard 10kf2 resistor, 
and if you pull it low the Micromite 
will reset. 

The other I/O pins connect directly 
to the Micromite and are marked with 
the Micromite pin number. You should 
refer to the Micromite User Manual 
(available for download from the au- 
thor’s website http://geoffg.net/micro- 
mite.html) for details of what you can 
do with each pin. 

Three of the pins on CON2 (pins 3, 
14 and 25) are also connected to the 
LCD panel for communicating with the 
display using the SPI serial protocol. 
For this reason, they cannot be used 
as general-purpose I/O pins, however, 
they can stili be used by you for SPI 
Communications if needed - this is why 
they are included on this connector. 

The User Manual describes how to 
use the SPI interface simultaneously 
with the LCD and it is not hard to do. 
However, for normal operation, you 
should make sure that you do not use 
pins 3, 14 and 25 for general I/O. 

If you have any issues or questions 
then contact Phil Boyce via email 
(phil.boyce@micromite.org) and he 
will be able to assist you. We hope 
you enjoy using this new version of 
the BackPack. 



fîlıcromiTe 

SİMPLE * INTERACTIVE * FUİSI 


COMPETITION 


EPE has two prizes up for grabs this month thanks to online shop micromite.org: 


1. Afully assembled Microbridge modüle (MB) 

2. A fully assembled Backpack V2 modüle complete with 2.8" TouchScreen (BP28V2) 

To enter the raffle, simply send an email to epe@micromite.org and make the email 
subject either MB or BP28V2 depending on which competition you wish to enter 
(you may even enter both raffles!) 

Please ensure you email before the closing date: 30th April 2018 

The names of the two lucky vvinners will be published in a future edition of EPE. 


Look out for more competitions in EPE över the coming months to win other fantastic Micromite products. 
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Good Luck! 

T&Cs 

1. You may enter as many times as you wish 
2. Ali entries must be received by the closing date 
3. VVinners will be notified by email vvithin one week after the closing date 
4. VVinners will need to confirm a valid shipping address to which their prize will be shipped 
5. UK vvinners will have their prize sent via Royal Mail's Special Delivery service 
6. Overseas vvinners will have their prize sent by Royal Mail's International Tracked & Insured service 
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USB/serial 

The Microbridge was created as a tool 
for use with the Micromite range of 
products. However, it can also be used 
as a programmer for any PIC32, and/ 
or a USB-to-serial converter for 
other processors, such as the 
Arduino or Raspberry Pi. 


araraHiclafl 
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Cheap üniverseli PIC32 programmer 


T he Micromite microcontroller, 

which has featured many times 
on our pages, requires a USB/serial 
converter to load, edit and run the 
program (unless you purehased a pre- 
programmed chip). 

We previously recommended 
devices based on the CP2102, or FTDI 
FT232 for this job. They are cheap and 
convenient; however, you stili require 
a PIC32 programmer if you need to up- 
date the Micromite firmware. 

Firmware updates for the Micro¬ 
mite are released regularly and usually 
provide worthwhile new features 
and bug fixes, so it is definitely an 
advantage having access to a PIC32 
programmer. 

But now you don’t need a dedicated 
PIC32 programmer. Instead, the Micro- 

The Microbridge is the result of an 
international collaboration. 

• Peter Mather in the UK vvrote the 
firmvvare for the PIC16F1455 and 
the BASIC program for program- 
ming a PIC16F1455 using a Micro¬ 
mite (see panel on programming) 

• Serge Vakulenko in the USA vvrote 
pic32prog 

• Robert Rozee in New Zealand 
vvrote the ASCII ICSP interface for 
pic32prog 

• MicroBlocks (a company in Thai- 
land) developed the original con- 
cept of using the PIC16F1455 as 
both a USB/serial converter and 
programmer, but did not publish 
their code for Copyright reasons. 


bridge combines the USB/serial inter¬ 
face and PIC32 programming features 
in a single package. It is easy to build 
and uses a low-cost 14-pin chip. 

In fact, the Microbridge is so eco- 
nomical and convenient that it makes 
sense to permanently attach it to your 
Micromite. With that in mind, we 
have designed a new version of the 
Micromite LCD Backpack with the 
Microbridge integrated which is 
featured on page 22 of this issue. 


The development of the Microbridge 
and the associated software was truly an 
international effort, with contributions 
from New Zealand, Thailand, the US 
and UK (see the side box for the details). 

Circuit details 

Referring to Fig.l, you can see that 
the Microbridge consists of just a 
Microchip PIC16F1455 microcon¬ 
troller, a voltage regülatör and a few 
passive components. 
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Fig.l: the Microbridge consists of a Microchip PIC16F1455 microcontroller, 
a voltage regülatör and a few passive components. The PIC16F1455 is ideally 
suited to this task because it requires few external components and can 
automatically tüne its internal clock to the host’s USB signal timing. 
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Fig.2: how to connect the Microbridge to a 28-pin Micromite which 
is also powered by the Microbridge. The Microbridge works as a 
USB-to-serial converter by emulating a Standard şeriat port över the 
USB connection to a desktop or 
laptop Computer. 

PC OR LAPTOP, ETC. 
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The PIC16F1455 is ideally suited 
to this task because it requires few 
external components. Since it includes 
the USB transceiver, it does not require 
a crystal oscillator. 

Many devices with a USB interface 
require a crystal oscillator to ensure that 
the timing of the USB signals meets the 
strict timing requirements of the USB 
Standard. However, the PIC16F1455 
has a feature that Microchip calls ‘ac- 
tive clock tuning’. 

This allows the PIC16F1455 to 
use the host’s USB signals (which 
presumably are derived from a crystal 
oscillator) to automatically tüne its in- 
ternal RC oscillator to the precision re- 
quired by the Standard. Hence, a crystal 
is not required and this helps keep the 
Circuit simple and the cost down. 

The PIC16F1455 can run on a 
supply voltage of 2.3-5.5V and also 
includes its own 3.3V regülatör for 
powering its USB transceiver (USB 
uses 3.3V signal levels). 

This means that we could directly 
power the PIC16F1455 from the USB 
5V supply, but then we would need 
level converters for the signal lines 


Parts 


1 double-sided PCB available 
from the EPE PCB Service, 
coded 24104171,50mm x 
22.5mm 

1 Mini Type-B USB socket, 
horizontal SMD USB 2.0 
1 PCB-mount SPST momentary 
tactile svvitch (SI) 

1 14-pin DİL IC Socket (for IC1) 

1 6-pin 90°female socket, 
2.54mm pitch OR 
1 6-pin female socket, 2.54mm 
pitch, with pins bent 90° 

1 5-pin vertical header, 2.54mm 
pitch 

Semiconductors 

1 PIC16F1455-l/P* 

microcontroller programmed 
with 2410417A.HEX (IC1) 



that go to the PIC32 processor (which 
runs from 3.3V). 

For that reason, we’ve included a low- 
cost 3.3V regülatör (REGl, MCP1700) 
for powering the PIC16F1455 and we 
are ignoring its internal regülatör. A 
side benefit of this approach is that this 
3.3V supply has spare current capac- 
ity so it can also be used to power an 
attached Micromite chip. 

The serial interface is made avail¬ 
able on CON2 and includes the 5V 
USB power and the 3.3V from our on- 
board regülatör. 

By default, the serial interface 
runs at 38400 baud, which is also the 
default used by the Micromite’s 
console interface. 

The programming interface is on 
CON3 and this provides the Standard 
I/O pins used for In-Circuit Serial Pro¬ 
gramming (ICSP) on Microchip prod- 


m§8 


1 MCP1700-3302E/TO 3.3V 
linear regülatör (REGl) 

1 3mm red LED (LED1) 

Resistors (5%, ViVV) 

1 1kW 

Capacitors 

2 10pF 16V tantalum or X5R 
SMD ceramic (3216/1206 size) 

1 lOOnF 50V multi-layer ceramic 

* PIC16LF1455-l/P orPIC16(L) 
F1454-I/P are also suitable 


Win a Microbridge! 

EPE is running a competition to win a 
fully-assembled Microbridge thanks to 
the generous sponsorship of Micromite 
online shop micromite.org 

For entry details, please turn to page 27 


ucts. These are as follows: 

Pin 1: MCLR/Vpp - this is the reset 
pin for the PIC32 chip and is driven 
low by the Microbridge . It is also used 
to force the PIC32 into programming 
mode. On other PICs, this pin is also 
used as a programming voltage source 
of around 15V, but the PIC32 generates 
this internally. 

Pin 2: V DD - normally, this is used to 
detect the power supply voltage for 
the PIC32, but on the Microbridge it 
is not used. 

Pin 3: GND - the ground connection 
which must go to V ss (ground) on the 
PIC32. 

Pin 4: PGD - the programming data 
pin, which is bidirectional so that data 
can be sent to the PIC32 thenreadback 
by the Microbridge’s firmware to verify 
that programming has been successful 
and no errors have been introduced. 
Pin 5: PGC - the programming clock 
signal, generated by the Microbridge 
to synchronise the transfer of data on 
the PGD line. 

Pin 6: NC - not connected in most 
ICSP devices. 

The Microbridge is switched into 
programming mode by using pushbut- 
ton switch Sl. LEDl flashes to indicate 
serial traffic or it lights up continu- 
ously when in programming mode. 

USB/serial mode 

USB/serial mode is the default when 
power is applied. In this mode, the 
Microbridge works as a USB-to-serial 
converter - it emulates a Standard serial 
port över USB and converts the signal 
to a Standard TTL-level serial interface 
for the Micromite (or other processor). 

From an operating system view- 
point, the Microbridge imitates the 
Microchip MCP2200 USB/serial 
converter. Windows 10 is delivered 
with the correct driver for this device 
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With the correct driver loaded, the 
Microbridge appears as a Standard 
serial port on your Computer. For 
example, in Windows it will appear 
as COMxx where xx is some number 
allocated by Windows. 

To discover this number you can use 
Device Manager and look under Torts 
(COM and LPT)’ for the Microbridge, 
which will be labelled ‘USB Serial 
Port (COMxx)’, where xx is the serial 
port number (eg, COM6). You can then 
start your terminal emulator (eg, Tera 
Term) and specify this COM number 
in the setup menus. 

By default, the Microbridge oper- 
ates at 38400 baud with 8-bit data, 
one stop bit and no parity, which are 
the Standard settings used by the Mi- 
cromite’s console. However, you can 
change the baud rate to any Standard 
speed from 300 to 230400 (ie, 300,600, 
1200, 2400, 4800, 9600,19200, 38400, 
57600, 76800,115200 or 230400baud) 
in the terminal emulator. 

Fig.2 shows how to connect the 
Microbridge to a 28-pin Micromite, 
which is also powered by the Micro¬ 
bridge. When a character is sent or re- 
ceived by the Microbridge, LEDl flash- 
es briefly. This is a handy visual chıe 
that the device is working correctly. 

Note that TX (transmit) from the Mi¬ 
crobridge must go to the RX (receive) on 
the Micromite; likewise, the TX on the 
Micromite must connect to RX on the 
Microbridge. This is logical when you 
think about it because signals transmit- 
ted by one device must be received by 
the other. 

If you connect pin 1 of CON3 (the 
programming connector) to the MCLR 
(reset) pin of the Micromite, you can 
also use the Microbridge to remotely 
reset the Micromite. This is done by 
sending a serial break signal to the 
Microbridge. In Tera Term this is 
accomplished by pressing ALT-B or 
via the Tera Term menü. 



47pF 

16V 

TANIT 


Another way of generating a reset is 
to press and hold the mode switch on 
the Microbridge for two or more sec- 
onds. LEDl will fLash and the MCLR 
line will be briefly driven low to ef- 
fect the reset. 

Programming mode 

CON3 on the Microbridge (the ICSP 
socket) is compatible with the con¬ 
nector used on the Microchip PlCkit 
3 programmer so the Microbridge can 
plug into any programming connector 
intended for the PlCkit 3. For exam- 
ple, the Microbridge can plug directly 
onto the programming connector on 
the original Micromite LCD Backpack 
(see the accompanying photograph on 
the next spread). 

Alternatively, to program a 28-pin 
PIC32 chip using direct connections, 
Fig.3 shows how to do this. The PIC32’s 
3.3V power supply can be supplied sep- 
arately or this power can be provided 


by the Microbridge via CON2. 

To enter programming mode, momen- 
tarily press and release mode switch Sl 
and LEDl will ilhıminate to indicate 
that programming mode is active. 

If you accidently pressed this switch 
and did not want to enter programming 
mode, cycle the power on the Micro¬ 
bridge, or, press and hold down Sl for 
two seconds; either way, this will return 
you to the default USB/serial mode. 

To program a PIC32 via the 
Microbridge, use a program called 
pic32prog written by Serge Vakulenko 
in California. 

This is a Windows progra 
and it can be downloaded from ti 
from GitHub: https://github.com/se 
gev/pic32prog 

pic32prog must be run from ti 
command prompt in Windows using ti 
the command line: 

pic32prog -d ascii:comxx yyyy.he 


| -dfr. ■' jUBtBr C Wırde-,VJ'-', rtemBL :-d 


C:\>pic32prog —d ascii:com9 Micromite_5.2.hex 
Programmer For Microchip PIC32 microcontrollers 
Copyright: <0 2011-2015 Serge Uakulenko 
(ascii ICSP coded by Itobert Rozee) 


, Uersion 2.0.220 


fidapter: 
Processor: 
Flash memory: 
Boot memory: 

Data: 
Erase: 
Loading PE: 
ı 1 Pro gram Flas h: 
Program boot: 
Uerify Flash: 

UeriFy boot: 
Program rate: 


. OKI OK2 - ascii ICSP olN 

MK170F25GB 

25G kbytes 

3 kbytes 

259244 bytes 

<100mS) done 

1234 <LDR> 5 G 7a <PE> 7b B 00301 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttlft done 
tttttttttttttttttttttttt done 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt done 
done 

5255 bytes per second 


total TDI^TMS pairs sent 
total TDO bits receioed 
total ascii codes sent 
total ascii codes reco 
maximum continuous urite 
O/S serial writes 
O^S serial reads <data> 
O/S serial reads <sync) 
KFerFastData count 
10mS delays <E/X/R> 
elapsed programming time 


= 3G82539 pairs 
= 949024 bits 
= 117694B 
= 32G254 
= 452 chars 
= 110284 
= 29G6G 
= 10 
= 58199 
= 10 / 0^0 
= 0m 50s 


Fig.4: This screenshot shows the complete operation of pic32prog. It uploads the hı 
file to the Microbridge, which programs it into the PIC32 and subsequently reads bac 
the programmed data to verify that the programming operation completed correct] 
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Fig.5: PCB component overlay diagram 
for the Microbridge. The USB socket is 
the only SMD component. ICl may be 
mounted in a socket. We prefer SMD 
ceramic capacitors to tantalum due to their 
longer life, however you can use through- 
hole tantalum capacitors. 


Where xx is the COM port number cre- 
ated by Windows for the Microbridge 
and yyyy.hex is the file containing the 
firmware that you want to program 
into the PIC32. For example, if your 
Microbridge was allocated the Virtual 
serial port of COM12 and the file that 
you wanted to program was firm.hex, 
the command line that you should use 
would be: 

pic32prog -d ascii:com12 firm.hex 

When you press enter, pic32prog 
will automatically upload the hex 
hle to the Microbridge, program it 
into the PIC32 then read back the 
programmed data to verify that the 
programming operation was executed 
correctly. Fig.4 shows a typical out- 
put of this operation. 

At the completion of the program¬ 
ming operation, LEDl switches off and 
the Microbridge will revert t o operat- 
ing as a USB/serial converter. You can 
then start up your terminal emulator, 
connect to the Microbridge and run 
your program. 


A common cause of programming 
errors is that pic32prog cannot access 
the serial port on your Computer be- 
cause you have not closed the termi¬ 
nal emulator that you were previously 
using to access the Microbridge. So, 
make sure that you close your terminal 
emulator before you run pic32prog. 

Construction 

The Microbridge us e s fewer than a 
dozen components and ali except the 
USB socket are through-hole types, 
so construction should take less than 
half an hour. The component overlay 
diagram is shown in Fig.5. 

Start with the USB socket as this 
is the only surface-mount compo¬ 
nent. On the underside of the socket, 
there should be two small plastic pegs 
which match corresponding holes on 
the PCB and these will correctly locate 
the socket. 

Önce it is in place, solder the con- 
nector’s mounting lugs first using plen- 
ty of solder for strength then, using a 
fine point soldering iron tip, solder the 
signal pins. Carefully check the pin 


soldering under a good light and with 
magnification and clean up any solder 
bridges using solder wick with a lit- 
tle added fhıx paste to make it easier. 

The remaining components are easy 
to fit and should be soldered starting 
with the low-profile items such as 
resistors and ending with the high 
profile components such as the 
connectors. 

Two of the capacitors and the LED 
are polarised, so pay attention to their 
mounting orientation. We did not use 
an IC socket for ICl because we had 
programmed and tested it beforehand, 
but a socket is recommended and is 
handy if you suspect a fault and want 
to swap out the IC for testing. 

For CON2 (the serial I/O and pow- 
er) connector, we mounted a five-pin 
header on the underside of the board 
so that it could easily plug into a 
solderless breadboard for prototyping 
with the Micromite, but you could use 
a different arrangement, for example, 
fiying leads. 

The right-angle six-pin socket used 
for the ICSP programmer output 
(CON3) can be difficult to find so you 
can do what we did and purchase a 
straight six-pin socket intended for Ar- 
duino boards and bend the pins to 90° 
so that the socket can mount fhısh to 
the PCB. See the parts list for suitable 
components. 

(Note: although not shown on the 
Circuit diagram, a 10k£2 resistor be- 
tween PIC pins 1 and 5 will improve 
Sl response when the Microbridge is 
not connected to a target device.) 

Testing 

There is not much to go wrong with 
the Microbridge, so if it does not work 
the first time you should first re-check 
the driver installation on your PC. Do 
you have the right driver, is it installed 
correctly and do you have the right 
COM port number? In normal USB/ 
serial mode the Microbridge will draw 
about 8mA and any reading substan- 
tially different from this indicates an 
assembly error. 

A handy test feature is that when you 
press a key in your terminal emulator, 
LEDl on the Microbridge should fLash. 
Another test that you can make is to 
short the TX and RX pins on CON2, and 
as you type characters into the terminal 
emulator, you should see them echoed 
back to the terminal emulator. 


CON3 on the Microbridge (the ICSP socket) is 
compatible with the connector used on the Microchip 
PlCkit 3 programmer so the Microbridge 
can plug into any programming 
connector intended for the PlCkit 3. 



For example, the Microbridge 
can plug directly onto the 
programming connector on the 64-pin 
Micromite Plus LCD BackPack , as shown 
above. For comparison, a PlCkit 3 plugged into a 64-pin 
Micromite Plus LCD BackPack is also shown. 
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The Microbridge uses a 
PIC16F1455 which acts as a PIC32 
programmer to load the firmvvare 
into your blank PIC32 microcon- 
troller; for example, to make it into 
a Micromite. This sounds great be- 
cause now you do not need a PIC 
programmer. Or do you? 

Firmvvare transfer 

The problem now is getting the 
Microbridge’s firmvvare into the 
PIC16F1455. One option is to 
purchase a pre-programmed 
PIC16F1455 from micromite.org. 
But if you already have at least 
one Micromite, you can program 
the PIC16F1455 yourself using 
just the Micromite and a Standard 
9V battery. 

İt is easy to do and will only take 
30 seconds. Then, önce you have 
the PIC16F1455 programmed, you 


can use it to program as many oth- 
er Micromites as you want! 

To get started, wire up the 
PIC16F1455, the Micromite and 
the 9V battery as shovvn in Fig.6. 

The best way to do this is on a 
solderless breadboard or a strip 
of perforated prototyping board. 
The battery can be a Standard 
PP3 9V battery and this is used 
to provide the programming volt- 
age for the PIC16F1455. Only a 
few milliamps will be dravvn from 
it, and as long as its terminal volt- 
age is 8V or greater it will do the 
job. The svvitch used to connect 
the battery can be as simple as a 
lead with an alligator clip that can 
be clipped onto the battery’s posi- 
tive terminal. 

The Micromite used for the 
programming operation can be 
any version of the Micromite family 



Fig.6: if you already have a Micromite, you can use it to program a blank 
PIC16F1455 (for use as a Microbridge). Ali you need is a Standard 9V battery 
and a lOkfî resistor. Connect everything as shown in the Circuit above. The 
MicrobridgeProg.bas running on the Micromite will prompt you when to connect 
and disconnect the battery. 



Fig. 7: this screenshot shows the complete programming operation for a PICl 6F1455 
using a Micromite and a Standard 9V battery. The program running on the 
Micromite is MicrobridgeProg.bas. 


(ie, a 28-pin Micromite to a 10O-pin 
Micromite Plus) so long as it is run¬ 
ning version 5.0 or later of MMBa- 
sic. Pins 4 and 5 on the Micromite 
are used to load the firmvvare into 
the PIC16F1455, and ali versions 
have these two pins free. 

İf for some reason your one 
does not, you can edit the BASIC 
program to change the pin assign- 
ments (they are defined at the very 
start of the program). 

With everything connected, load 
the BASIC program Microbridge¬ 
Prog.bas into the Micromite. This 
program can be dovvnloaded for 
free from the author’s vvebsite 
(geoffg.net/microbridge.html). 
İt will work with ali chips that are 
supported by the Microbridge 
firmvvare (16F1455, 16F1454, 
16LF1454 or 16LF1455). This pro¬ 
gram was vvritten by Peter Mather 
of the UK, who also developed the 
Microbridge’s firmvvare. 

Make sure that the 9V battery is 
disconnected and run the BASIC 
program on the Micromite. From 
there, it is just a case of follovving 
the program’s on-screen instruc- 
tions vvhich will teli you when to 
connect and disconnect the battery. 

The programming time is under 
30 seconds and the softvvare will 
report its progress as it goes. Fig.7 
shovvs a typical programming 
session. When the programming 
operation has finished, you can 
disconnect the battery, removethe 
PIC16F1455 and install it in your 
Microbridge board. Then, you can 
use the Microbridge to program 
further PIC32 chips. 

The firmvvare loaded into the 
PIC16F1455 will be version 1.18 
and this contains a bootloader 
vvhich allovvs another Micromite 
to update it via the serial console 
interface. 

Updates 

This updating is even easier than 
the initial programming described 
above and can be done with the 
Microbridge permanently con¬ 
nected to the Micromite. There will 
likely be no need to update the Mi¬ 
crobridge’s firmvvare but, if there 
is, the current firmvvare can do it. 

Reproduced by arrangement 
with SILICON CHIP 
magazine 2018. 
www.siliconchip.com.au 
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FANTASTIC MODERN POWER SUPPLY ONLY IU 


LAMBDA GENESYS 
LAMBDA GENESYS 

HIGH PROGRAMMABLE 

PSU GENİ00-15 100V 15A Boxed As New 

PSU GEN50-30 50V 30A 

£325 

£325 

IFR 2025 

Signal Generator 9kHz - 2.51 GHZ Opt 04/11 

£900 

Marconi 2955B 

Radio Communications Test Set 

£800 

R&SAPN62 

Syn Function Generator 1HZ-260KHZ 

£195 

HP3325A 

Synthesised Function Generator 

£195 

HP3561A 

Dynamic Signal Analyser 

£650 

HP6032A 

PSU 0-60V 0-50A 1000W 

£750 

HP6622A 

PSU 0-20V 4ATwice or 0-50V 2ATwice 

£350 

HP6624A 

PSU 4 Outputs 

£350 

HP6632B 

PSU 0-20V 0-5A 

£195 

HP6644A 

PSU 0-60V 3.5A 

£400 

HP6654A 

PSU 0-60V 0-9A 

£500 

HP8341A 

Synthesised Svveep Generator 10MHZ-20GHZ 

£2,000 

HP83731A 

Synthesised Signal Generator 1-20GHZ 

£1,800 

HP8484A 

Power Sensor 0.01 -18GHZ 3nW-1 OuW 

£75 

HP8560A 

Spectrum Analyser Synthesised 50HZ - 2.9GHZ 

£1,250 

HP8560E 

Spectrum Analyser Synthesised 30HZ - 2.9GHZ 

£1,750 

HP8563A 

Spectrum Analyser Synthesised 9KHZ-22GHZ 

£2,250 

HP8566B 

Spectrum Analsyer 100HZ-22GHZ 

£1,200 

HP8662A 

RF Generator 10KHZ - 1280MHZ 

£750 

Marconi 2022E 

Synthesised AM/FM Signal Generator 10KHZ-1.01 GHZ 

£325 

Marconi 2024 

Synthesised Signal Generator 9KHZ-2.4GHZ 

£800 

Marconi 2030 

Synthesised Signal Generator 10KHZ-1.35GHZ 

£750 

Marconi 2305 

Modulation Meter 

£250 

Marconi 2440 

Counter 20GHZ 

£295 

Marconi 2945/A/B 

Communications Test Set Various Options £2,000 - 

£3,750 

Marconi 2955 

Radio Communications Test Set 

£595 

Marconi 2955A 

Radio Communications Test Set 

£725 

Marconi 6200 

Microwave Test Set 

£1,500 

Marconi 6200A 

Microvvave Test Set 10MHZ-20GHZ 

£1,950 

Marconi 6200B 

Microvvave Test Set 

£2,300 

Marconi 6960B with 

6910 Povver Meter 

£295 


MARCONI 2955B Radio 
Communications Test Set - £800 


PROPER 200MHZ 
ANALOGUE SCOPE - £250 



CAN BE SUPPLIED WITH OPTIONAL 
TRANSİT CASE 



FLUKE/PHIÜPS PM3092 Oscİlloscope 
2+2 Channel 200MHZ Detay TB P Autoset ete 


Tektronix TDS3052B/C 

Oscİlloscope 500MHZ 2.5GS/S 

£1,500 

Tektronix TDS3032 

Oscİlloscope 300MHZ 2.5GS/S 

£995 

Tektronix TDS3012 

Oscİlloscope 2 Channel 100MHZ 1.25GS/S 

£450 

Tektronix 2430A 

Oscİlloscope Dual Trace 150MHZ 100MS/S 

£350 

Tektronix 2465B 

Oscİlloscope 4 Channel 400MHZ 

£600 

Farnell AP60/50 

PSU 0-60V 0-50A 1KW Switch Mode 

£195 

Farnell H60/50 

PSU 0-60V 0-50A 

£500 

Farnell XA35/2T 

PSU 0-35V 0-2ATwice Digital 

£75 

Farnell LF1 

Sine/sq Oscillator 10HZ-1MHZ 

£45 

Racal 1991 

Counter/Timer 160MHZ 9 Digit 

£150 

Racal 2101 

Counter 20GHZ LED 

£295 

Racal 9300 

True RMS Millivoltmeter 5HZ-20MHZ ete 

£45 

Racal 9300B 

As 9300 

£75 

Fluke 97 

Scopemeter 2 Channel 50MHZ 25MS/S 

£75 

Fluke 99B 

Scopemeter 2 Channel 100MHZ 5GS/S 

£125 

Gigatronics 7100 

Synthesised Signal Generator 10MHZ-20GHZ 

£1,950 

Seavvard Nova 

PAT Tester 

£95 

Solartron 7150/PLUS 

6 1/2 Digit DMM True RMS IEEE 

£65/£75 

Solatron 1253 

Gain Phase Analyser 1mHZ-20KHZ 

£600 

Tasakago TM035-2 

PSU 0-35V 0-2A 2 Meters 

£30 

Thurlby PL320OMD 

PSU 0-30V 0-2ATwice 

£160-£200 

Thurlby TG210 

Function Generator 0.002-2MHZ TTL ete Kenwood Badged 

£65 

HP33120A 

Function Generator 100 microHZ-15MHZ 

£260-£300 

HP53131A 

Universal Counter 3GHZ Boxed unused 

£500 

HP53131A 

Universal Counter 225MHZ 

£350 


INDUSTRY STANDARD DMM ONLY 
£325 OR £275 VVITHOUT HANDLE 
AND BUMPERS 


YES! AN HP 100MHZ SCOPE FOR 
ONLY £75 OR COMPLETE WITH ALL 
ACCESSORIES £125 



HP 34401A Digital 
Multimeter 6 Vz Di git 



HP 54600B Oscİlloscope Analoque/Diqital 
Dua! Trace 100MHZ 


STEVVART OF READING 

17A King Street, Mortimer, near Reading, RG7 3RS 
Telephone: 0118 933 1111 Fax: 0118 9331275 
USED ELECTRONIC TEST EOUIPMENT 
Check vvebsite www.stewart-of-reading.co.uk 
(ALL PRICES PLUS CARRIAGE & VAT) 

Please check availability before ordering or calling in 



GET YOUR COPY TODAY JUST CALL 01202 880299 OR VISIT OUR 
SECURE ONLINE SHOP AT: WWW.EPEMAG.COM 
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VVelcome to Teach-In 2018: Get 
testing! - electronic test equipment 
and measurement techniques. This 
Teach-In series will provide you with 
a broad-based introduction to choosing 
and using a wide range of test gear, how 
to get the best out of each item and the 
pitfalls to avoid. VVe'll provide hints and 
tips on using, and - just as importantly - 
interpreting the results that you get. We 
will be dealing with familiar test gear 
as well as equipment designed for more 
specialised applications. 


Our previous Teach-In series have dealt 
with specific aspects of electronics, such 
as PICs ( Teach-In 5), Analogue Circuit 
Design ( Teach-In 6) or popular low-cost 
microcontrollers ( Teach-In 7 and 8). The 
current series is rather different because 
it has been designed to have the broadest 
possible appeal and is applicable to 
ali branches of electronics. It crosses 
the boundaries of analogue and digital 
electronics with applications that span 
the full range of electronics - from a 
single-stage transistor amplifier to the 


most sophisticated microcontroller 
system. There really is something for 
everyone in this series! 

Each part includes a simple but useful 
practical Test gear project that will build 
into a handy gadget that will either extend 
the features, ranges and usability of an 
existing item of test equipment or that will 
serve as a stand-alone instrument. We’ve 
kept the cost of these projects as low as 
possible and most of them can be built 
for less than£10 (including components, 
enclosure and Circuit board). 


This month 

In this penultimate part of our current 
Teach-In series, In theory will provide 
an overview of the way in which digital 
data is represented in a digital system 
and how it can be captured and analysed. 
Get it right! will help you avoid some 
potential pitfalls when making digital 
measurements and will provide useful 
hints and tips to help you improve 
the accuracy and relevance of your 
measurements. Finally, our Test gear 
project features a handy logic probe that 
can be used with a wide range of different 
types of digital logic. 



This month, we turn our attention to the 
tests and measurements that need to be 
made in a digital rather than analogue 
world. Since we are only dealing with 
two logical States - variously referred to 
as ‘on’ or ‘off’, ‘high’ or Tow’, and ‘logic 
V or ‘logic 0’ - this should be quite 
easy. In practice, however, this can be 
rather different since the logical States 
that we need to view are often rapidly 
changing and may need to be captured 
so that we can view and make sense of 
them. Even more challenging is that we 
often need to capture data on multiple 
signal lines so that we can view and 


analyse the relationship between signals 
within the time domain. This calls for 
some sophisticated but not necessarily 
expensive items of test equipment. 
We will start by looking at how digital 
signals are represented before moving 
on to describe ways in which they can 
be measured and analysed. 

Representing digital signals 

Logic levels 

Logic levels are simply the range of 
voltages used to represent the logical 
States 0 and 1. The logic levels for CMOS 
differ markedly from those associated 
with TTL. CMOS devices are usually able 
to operate över a wide range of supply 
voltage (from 3 V to 15 V for most Standard 
devices) and their logic levels are relative 
to the supply voltage used (with roughly 
one third and two thirds of the supply 
voltage marking the upper boundaries of 
logic 0 and the lower boundary of logic 1 
respectively). By contrast, the logic levels 
associated with Standard TTL devices 
tend to be more precise and absolute. Table 


8.1 shows the normally accepted range of 
values for conventional 5V CMOS, TTL, 
and low-voltage (LV) TTL/CMOS devices. 

Noise margin 

Logical States need to stand out against 
other signals that may be present in an 
electronic Circuit. In other words, a logic 
1 should unambiguously be a logic 1. 
Likewise, a logic 0 should definitely be 
a logic 0. Of concern here is the need 
for sufficient separation between the 
two defined States. In other words, there 
should be a clear boundary between 
them. The difference between the logic 
0 and logic 1 boundaries is known as the 
noise margin ; it is an important parameter 
associated with any logic family. Put 
simply, noise margin is a measure of 
the ability of the device to reject noise; 
the larger the noise margin the better its 
ability to perform in an environment in 
which noise is present (and where the 
superimposed noise may be sufficient to 
cross the logic level boundaries). 

Noise margin is usually defined in terms 
of the difference between the minimum 


Table 8.1 Logic levels 


Logic State 

CMOS 5V 

TTL 5V 

LV TTL/CMOS 3.3V 

Logic 1 (high) 

>3.5 V 

>2V 

>2V 

Logic 0 (low) 

<1.5V 

< 0.8V 

<0.8V 

Threshold 

2.5V 

1.5V 

1.5V 

Indeterminate region 

1.5V to 3.5V 

0.8V to 2V 

0.8V to 2V 
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Fig.8.1. Comparison of logic levels 
and noise marginsfor Standard 5V 
TTL and CMOS devices 

values of high State output and high State 
input voltage and the maximum values 
of low State output and low State input 
voltage. Hence: 

Noise margin = Uqh(min) - ^IH(MIN) 


or 


Noise margin = U 0 L(MAX) - Vİl(max) 

Where Vqh(min) is the minimum value 
of high-state (logic 1) output voltage, 
ViH(MlN) is the minimum value of high- 
state (logic 1) input voltage, Uql(max) is 
the maximum value of low-state (logic 
0) output voltage, and Uil(max)İ s the 
minimum value of low-state (logic 0) input 


voltage. The noise margin for the legacy 
7400 TTL series is typically 400mV, 
while for 5V CMOS it is approximately 
2V, as illustrated in Fig.8.1. 

In practice, you are likely to encounter 
a variety of sub-families of the original 
‘Standard’ TTL and CMOS logic 
families. These include CMOS devices 
compatible with TTL (HCT and FCT) as 
well as low-voltage (LV) logic devices. 
The chart shown in Fig.8.2 provides 
a useful comparison of the threshold 
voltages of these different families. 

Logic gates 

Basic logical operations (eg, AND, OR) 
are carried out by means of individual 
circuits known as ‘gates’. The symbols 
for some basic logic gates are shown, 
together with their truth tables in 
Fig.8.3. The action of each of the basic 
logic gates is summarisedbelow. Note 
that while inverters and buffers each 
have only one input, exclusive-OR 
and exclusive-NOR gates have two 
inputs and the other basic gates (AND, 
OR, NAND and NOR) are commonly 
available with up to eight inputs (but 
for these there is no theoretical limit). 

Buffers 

Buffers do not affect the logical State of a 
digital signal (ie, a logic 1 input results in 
a logic 1 output and a logic 0 input results 
in a logic 0 output). Buffers are normally 
used to provide extra current drive at the 
output but can also be used to regularise 
the logic levels present at an interface. 

inverters 

inverters are used to complement the 
logical State (ie, a logic 1 input results 
in a logic 0 output and vice versa). 
inverters also provide extra current drive 
and, like buffers, are used in interfacing 
applications where they provide a means 
of regularising logic levels present at the 
input or output of an LSI device. 

AND gates 

These gates will only produce a logic 1 
output when ali inputs are simultaneously 
at logic 1. Any other input combination 
results in a logic 0 
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Fig.8.2. Comparison chart of common logic families 


OR gates 

These gates will 
produce a logic 1 
output whenever 
one or more of 
their inputs are at 
logic 1. Putting this 
another way, an 
OR gate will only 
produce a logic 0 
output whenever 
ali inputs are 
simultaneously at 
logic 0. 

NAND gates 

These gates will 
only produce a 
logic 0 output 
when ali inputs 


Fig.8.3. Logic gate symbols and truth 
tables 

are simultaneously at logic 1. Any other 
input combination will produce a logic 
1 output. A NAND gate, therefore, is 
nothing more than an AND gate with its 
output inverted. The circle shown at the 
output denotes this inversion. 

NOR gates 

These gates will only produce a 
logic 1 output when ali inputs are 
simultaneously at logic 0. Any other 
input combination will produce a logic 0 
output. A NOR gate, therefore, is simply 
an OR gate with its output inverted. A 
circle is again used to indicate inversion. 

Exclusive-OR gates 

Exclusive-OR gates Sometimes written 
as ‘XOR’) will produce a logic 1 output 
whenever either one of the inputs is 
at logic 1 and the other is at logic 0. 
Exclusive-OR gates produce a logic 0 
output whenever both inputs have the 
same logical State (ie, when both are at 
logic 0 or both are at logic 1). 

Monostable 

A logic device which has only one stable 
output State is known as a ‘monostable’. 
The output of such a device is initially at 
logic 0 (low) until an appropriate level 
change occurs at its trigger input. This 
level change can be from 0 to 1 (positive- 
edge trigger) or 1 to 0 (negative-edge 
trigger) depending upon the particular 
monostable device or configuration. 
Upon receipt of a valid trigger pulse the 
output of the monostable changes State 
to logic 1. Then, after a time interval 
determined by external C-R timing 
components, the output reverts to logic 
0. The device then awaits the arrival of 
the next trigger. A typical application 
for a monostable device is in stretching 
a pulse of very short duration. 


Bistables 

The output of a bistable can take one 
of two stables States, either logic 0 or 
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Table 8.2 Characteristics of logic levels 



Logic family 

OltdıdLiul lollü 

74 

74LS 

74HC 

40BE 

Maximum supply voltage 

5.25V 

5.25V 

5.5V 

18V 

Minimum supply voltage 

4.75V 

4.75V 

4.5V 

3 V 

Static power dissipation (mW per gate at 100kHz) 

10 

2 

negligible 

negligible 

Dynamic power dissipation (mW per gate at 100kHz) 

10 

2 

0.2 

0.1 

Typical propagation delay (ns) 

10 

10 

10 

105 

Maximum clock frequency (MHz) 

35 

40 

40 

12 

Speed-power produet (pj at 100kHz) 

100 

20 

1.2 

11 

Minimum output current (mA at V0UT = 0.4V) 

16 

8 

4 

1.6 

Fan-out(LS loads) 

40 

20 

10 

4 

Maximum input current (mA at VIN = 0.4V) 

-1.6 

-0.4 

0.001 

-0.001 


logic 1. Önce set, the output of abistable 
will remain at logic 1 for an indefinite 
period until the bistable is reset, at which 
time the output will revert to logic 0. A 
bistable thus constitutes a simple form 
of memory celi because it will remain 
in its latched State (either set or reset) 
until commanded to change its State 
(or until the supply is disconnected). 
Popular forms of bistable include R-S, 
D and J-K types. 

R-S bistables 

The simplest form of bistable is the R-S 
bistable. This device has two inputs, 
SET and RESE'T and complementary 
outputs, Q and Q. A logic 1 applied to 
the SET input will cause the Q output 
to become (or remain at) logic 1 while a 
logic 1 applied to the RESET input will 
cause the Q output to become (or remain 
at) logic 0. In either case, the bistable will 
remain in its SET or RESET State until 
an input is applied in such a sense as to 
change the State. 

D-type bistables 

The D-type bistable has two principal 
inputs; D (standing variously for data or 
delay) and CLOCK (CK). The data input 
(logic 0 or logic 1) is clocked into the 
bistable such that the output State only 
changes when the clock changes State. 
Operation is thus said to be synchronous. 
Additional subsidiary inputs (which 



are invariably active low) are provided, 
which can be used to directly set or reset 
the bistable. These are usually called 
PRESET (PR) and CLEAR (CLR). D-type 
bistables are commonly used as data 
latches (a simple form of memory) and 
as binary dividers. 

J-K bistables 

J-K bistables are the most sophisticated 
and flexible of the bistable types, and 
they can be configured in various ways 
including binary dividers, shiftregisters, 
and latches. J-K bistables have two 
clocked inputs (J and K), two direct 
inputs (PRESET and CLEAR), a CLOCK 
(CK) input, and outputs (Q and Q). As 
with R-S bistables, the two outputs are 
complementary (ie, when one is 0 the 
other is 1, and vice versa). Similarly, 
the PRESET and CLEAR inputs are 
invariab ly both active low (ie, a 0 on the 
PRESET input will s et the Q output to 
1 whereas a 0 on the CLEAR input will 
set the Q output to 0). 

Logic gate characteristics 

Table 8.2 summarises the key 
characteristics of the original members 
of the TTL family with the equivalent 
CMOS logic. There are some important 
points worth noting: 

■ CMOS devices are static sensitive 
and require appropriate anti-static 
handling techniques 

■ CMOS logic operates över a much 
larger range of supply voltage than 
conventional TTL 

■ CMOS devices tendto be much slower 
than their TTL counterparts 

■ TTL devices consume significantly 
more power than their CMOS 
counterparts 

■ TTL devices are capable of driving 
more loads than CMOS devices 

■ CMOS devices require negligible 
input current and impose minimal 
load on an input. 

Logic probes 

The simplest and most convenient 
method of examining logic States 
involves the use of a logic probe. When 
making measurements on digital circuits, 
this handy gadget is much easier to use 


than a digital multimeter or an analogue 
oscilloscope. It comprises a hand-held 
probe fitted with LEDs that indicate the 
logical State of its probe tip. 

Unlike a digital multimeter, a logic 
probe can usually distinguish between 
lines which are actively pulsing, and 
those that are in a permanently tri-state 
(effectively disconnected) condition. In 
the case of a line which is being pulsed, 
the logic 0 and logic 1 indicators will both 
be illuminated (though not necessarily 
withthe same brightness) whereas, in the 
case of a tri-state line neither indicator 
should be constantly illuminated. 

Logic probes generally also provide a 
means of displaying pulses having a very 
short duration, which may otherwise go 
undetected. A pulse stretching circuit is 
usually incorporated within the probe 
circuitry so that an input pulse of very 
short duration is elongated sufficiently 
to produce a visible indication on a 
separate pulse LED. 

Logic probes invariably derive their 
power supply from the circuit under test 
and are connected by means of a short 
length of twin flex fitted with insulated 
crocodile elips (see Fig.8.4). Note that 
it is essential to ensure that the supply 
voltage is the same as that used to supply 
the logic devices on test. 

A typical logic probe circuit suitable for 
home construction is shown in Fig.8.5. 
This circuit uses a dual comparator to 
sense the logic 0 and logic 1 levels and a 
timer, which acts as a monostable pulse 
streteher to indicate the presence of a 
pulse input rather than a continuous 
logic 0 or logic 1 condition. Typical logic 
probe indications and waveforms are 
shown in Fig.8.6. 

Fig.8.7 shows how a logic probe can be 
used to check a simple arrangement of 
logic gates. The probe is moved from node 
to node and the logic level is displayed 
and compared with the expected level. 
Fig.8.8 shows how a logic probe can 
be used to test a much more complex 
circuit in the shape of a modern Mini- 
ITX Computer system. 

Logic pulsers 

It is sometimes necessary to simulate the 
logic levels generated by a peripheral 
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Fig.8.5. A logic probe circuit suitable for home construction 

device or sensor. A permanent logic level 
can easily be generated by pulling a line 
up to the logic supply by means of lkfl 
resistor or by temporarily tying a line 
down to OV. However, on other occasions, 
it may be necessary to simulate a pulse 
rather than a permanent logic State and 
this can be achieved by means of a hand- 
held logic pulser. 


Fig.8.8. Using a logic probe to check 
the signals present on the BIOS chip 
of a Mini-ITX motherboard. The 
probe indicates a signal that is mostly 
low but also pulsing high (see Fig.8.6) 
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Fig.8.9. A simple logic pulser suitable for home construction 


Fig.8.6. Typical logic probe indications 



Fig.8.7. Using a logic probe to check a basic logic gate 
arrangement 


A logic pulser provides a means 
of momentarily forcing a logic level 
transition into a circuit regardless of its 
current State and thus overcomes the 
need to disconnect or de-solder any of 
the devices. The polarity of the pulse 
(produced at the touch of a button) 
is adjusted so that the node under 
investigation is momentarily forced 
into the opposite logical State. During 
theperiodbefore the 
button is depressed 
and for the period 
after the pulse has 
been completed, 
the probe tip 
adopts a tri-state 
(high impedance) 
condition. Hence 
the probe does not 
permanently affect 
the logical State of 
the point in question. 

Logic pulsers 
derive their power 
supply from the 
circuit under test in 
the same manner as 
logic probes. Here 
again, it is essential 
to use the correct 
logic supply voltage. 


A typical logic pulser circuit is shown 
in Fig.8.9. The circuit comprises a 555 
monostable pulse generator triggered 
from a push-button. The output of the 
pulse generator is fed to a complementary 
transistor arrangement in order to make it 
fully TTL-compatible. As with the logic 
pulser, this circuit derives its power from 
the circuit under test. 

Fig.8.10 shows an example of the 
combined use of a logic pulser and a logic 
probe for testing a simple J-K bistable. 
The logic probe is used to check the 
initial State of the Q and Q outputs of 
the bistable, as shown in Fig.8.10 (a) 
and (b). Note that the Q and Q outputs 
should be complementary. Next, the 
logic pulser is applied to the clock (CK) 
input of the bistable (see Fig.8.10(c)) 
and the Q output is checked using the 
logic probe. The application of a pulse 
(using the trigger button) should cause 
the Q output of the bistable to change 
State (see Fig.8.10 (d)). 

Serial data communication 
With anything more than the most basic 
logic application there’s a need for 
digital data to be exchanged between 
participating devices. For example, 
a microcontroller, LCD display and a 
wide variety of sensors can ali be linked 


Everyday Practical Electronics, May 2018 


37 





























































































































Fig.8.10. A simple logic pulser suitable for home construction 


together using one of the popular serial 
bus connections based on one or more of 
today’s popular and universally available 
standards such as RS-232, SPI, I 2 C, and 
USB). 

Serial data communication involves 
sending a stream ofbits, one after another, 
along a transmission path. Since the data 
present on a microprocessor bus exists 
primarily in parallel form, serial I/O 
techniques are somewhatmore complex 
than those used for simple parallel input 
and output; serial input data must be 
converted to parallel (byte wide) data in a 
form which can be presented to the bus. 
Conversely, serial output data must be 
produced from the parallel data present 
on the internal data bus. 

Serial data may be transferred in either 
synchronous or asynchronous mode. 
In the former case, transfers are carried 
out in accordance with a common clock 
signal (the clock must be available at 
both ends of the transmission path). 
Asynchronous operation, on the other 
hand, involves transmission of data in 
small packets; each packet containing 
the necessary information required to 
decode the data that it contains. Clearly 
this technique is more complex, but it 
has the considerable advantage that a 


commonly available clock signal is not 
required. 

As with programmable parallel I/O 
devices, a variety of different names 
are used to describe programmable 
serial I/O devices, but the asynchronous 
Communications interface adaptör 
(ACIA) and universal asynchronous 
receiver/transmitter (UART) are both 
commonly encountered in serial data 
Communications. Signal connections 
commonly used with serial I/O devices 
include: 

■ Dn: Data input/output lines to/from 
the internal bus 

■ RXD: Received Data (incoming serial 
data) 

■ TXD: Transmitted Data (outgoing 
serial data) 

■ CTS: Clear To Send. This (usually 
active low) signal is taken low by the 
peripheral when it is ready to accept 
data from the microprocessor system 

■ RTS: Request To Send. This (usually 
active low) signal is taken low by the 
microprocessor system when it is 
about to send data to the peripheral. 

With simple Systems (including most 
popular microcontrollers) signals 
from serial I/O devices are invariably 
logic compatible. 
It should be noted 
that in general, such 
signals are unsuitable 
for anything other 
than short distance 
transmission. Reliable 
data transmission över 
a greater distance may 
require specialised line 
drivers and receivers to 
provide buffering and 
level shifting. In noisy 
environments it can 
also be advantageous 
to use balanced 
transmission using 
differential signals. 

The RS-232D 
interface is a well- 
established Standard 


for serial communication between 
microcontrollers and a wide range of 
other devices. The original Standard 
dates back to 1987 and is in accordance 
with international standards CCITT 
V24, V28 and ISO IS2110. One notable 
advantage of the RS-2 3 2D Standard is that 
it incorporates facilities for loop-back 
testing, in which data can be sent back 
to an originating device by looping the 
TXD line back to the RXD line (see later). 

■ Data (TXD, RXD): RS-232 provides for 
two independent serial data channels 
(described as primary and secondary). 
Both channels provide for full 
duplex operation (ie, simultaneous 
transmission and reception). Note 
that, in practice, both channels are 
often not used. 

■ Handshake control (RTS, CTS): 
handshake signals provide the means 
by which the flow of serial data is 
controlled, allowing, for example, a 
DTE to öpen a dialogue with the DCE 
prior to actually transmitting data över 
the serial data path. 

■ Timing (TC, RC): for synchronous 
(rather than the more usual 
asynchronous) mode of operation, it is 
necessary to pass clock signals between 
the devices. These timing signals 
provide a means of synchronising the 
received signal to allow successful 
decoding. 

In practice, few RS-2 3 2 implementations 
make use of the secondary channel 
featured in the original specification 
and, since asynchronous (non-clocked) 
operation is almost invariably used with 
microcomputer systems, only eight or 
nine of the original 25 signal lines are 
regularly used. These lines have the 
functions shown in Table 8.3. 

In asynchronous RS-232 systems, data 
is transmitted asynchronously as a series 
of small packets. Each packet represents 
a single ASCII (or control) character and 
it must contain sufficient information 
for the packet to be decoded without the 
need for a separate clock signal. 

ASCII characters are represented by 
seven bits. The upper-case letter ‘A’, for 
example, is represented by the seven-bit 
binary word 1000001. To send the letter 
‘A’ via RS-232 extra bits must be added 
to indicate the start and end of the data 
packet. These are known as the start 
and stop bits respectively. In addition, 
we may wish to include a further bit to 
provide a simple parity-error detecting 
facility. 

Let’s look at an example where there is 
one start bit, seven data bits, one parity 
bit and two stop bits. The start of the 
data packet is signaled by the start bit, 
which is always low irrespective of the 
contents of the packet. The seven data 
bits representing the ASCII character 
follow the start bit. A parity bit is added 
to make the resulting number of İs in 
the group either odd (odd parity) or even 
(even parity). Finally, two stop bits are 
added. These are both high. The TTL 
representation of this character is shown 
in Fig.8.11 (a). 


Table 8.3 Nine-pin RS-232 configuration 


Pin 

Designation 

Function 

1 

FG 

Ground connection 

2 

TXD 

Serial Transmitted data 

3 

RXD 

Serial Received data 

4 

DTR or RTS 

Data Terminal Ready or Request To Send 

5 

CTS 

Clear To Send 

6 

DSR 

Data Set Ready 

7 

SG 

Signal Ground 

8 

DTR 

Data Terminal Ready 

9 

Rl 

Ring Indicator 


Important note: Not ali signals are implemented with current equipment and some 
pins may be used for different functions. For example, pin-9 is sometimes used for a 
positive logic supply voltage. 
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(a} TTL/CMOS signal levels 






Start bit 


Eight data bits 

Parity bit Stop bits (1 or 2) 




-^- 

v. 

. i 

/ 




I 

n 

1 I 

1 


Ü 

1 

a o o o a 

1 

0 

1 1 


LSB 



MSB 



(b) RS-232 signal levels 
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(c) RS-422/485 sgnal levels 
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Fig.8.11. Serial data representation 


The complete asynchronously 
transmitted data word thus comprises 
eleven bits (note that only seven of 
these actually contain data). In binary 
terms the word can be represented as: 
01000001011. In this example, even 
parity has been used and thus the 
ninth (parity bit) is a 0. One of the 
most commonly used RS-232 schemes 
involves eight data bits, no parity bit 
and one stop bit. This is commonly 
referred to as ‘8Nl\ 


The voltage levels employed in a true 
RS-232 data interface are markedly 
different from those used within a 
microcomputer system. A positive 
voltage (of between +3V and +25V) is 
used to represent a logic 0 (or SPACE) 
while a negative voltage (of between -3V 
and -2 5 V) is used to represent a logic 1 (or 
MARK). The line signal corresponding 
to the ASCII character ‘A’ is shown in 
Fig.8.11 (b). Thelevelshifting (fromTTL 
to RS-232 signal levels, andvice versa) is 


usually accomplished using line drivers 
and line receivers. 

Other standards 

To overcome some of the limitations of 
the original RS-2 3 2 specification several 
further standards have been introduced. 
These generally provide for better line 
matching, increased distance capability 
and faster data rates. Notable among 
these Systems are RS-422 (a balanced 
system which caters for a line impedance 
as low as 50£1), RS-423 (an unbalanced 
system which will tolerate a line 
impedance of 450£1 minimum), and RS- 
449 (a very fast serial data Standard that 
uses several modified Circuit functions 
and a 37-way D connector). 

RS-422 

The RS-422 interface is a balanced 
system (differential signal lines are used) 
that employs lower line voltage levels 
than those used with RS-232. SPACE 
is represented by a line-voltage level in 
the range +2V to +6V, while MARK is 
represented by a line-voltage level in the 
range, 2V to -6V (see Fig.8.11). RS-422 
caters for a line impedance of as low as 
50£landsupports data rates up to lOMbps. 

RS-423 

Unlike RS-422, RS-423 employs an 
unbalanced line configuration (a single 
signal line is used in conjunction with 
signal ground). Line voltage levels of+4V 
to +6V and -4V to -6V represent SPACE 
and MARK respectively and the Standard 
specifies a minimum line terminating 
resistance of 450£1 RS-423 supports a 
maximum data rate of lOOkbps. 

RS-449 

The RS-449 interface is a further 
enhancement of RS-422 and RS-423; it 
caters for data rates up to 2Mbps and 
provides for upward compatibility with 
RS-232. Ten extra Circuit functions 
have been provided, while three of 
the original interchange circuits have 
been abandoned. In order to minimise 
confusion, and since certain changes 
have been made to the definition 
of Circuit functions, a completely 
new set of Circuit abbreviations has 
been developed. In addition, the 
Standard requires 37-way and 9-way 
D-connectors, the latter being necessary 
where use is made of the secondary 
channel interchange circuits. 

Data communication test equipmerıt 

Several specialisedtestinstruments and 
accessories are available for testing data 
communication equipment, including 
the following items. 

Patch boxes 

These low-cost devices facilitate the cross 
connection of RS-232 (or equivalent) 
signal lines. The equipment is usually 
fitted with two D-type connectors (or 
ribbon cables fitted with a plug and socket) 
and ali lines are brought out to a patching 
area into which links may be plugged. In 
use, these devices are connected in series 


RS-232/V.24 (9-pin) 


RS-422/.V27 


Data set ready. DSR 6 
Requçst to send, RTS 7 
CJear to send, CTS 8 
Ring İndicator. Ri 9 


i 


1 Data cariler detect, DCD 

2 Receıve data. RXD 

3 Transmlt data. TXD 

4 Data terminal ready, DTR 

5 Ground. GND 


Receıve data. RX* 6 
/Transmitdata, TX- 7 
/Data carrier detect. DCD- 8 
/Data terminal ready. DTR- 9 


USB 


I 


1 Data carrier detect. 0CD+ 

2 /Rece!ve data, RX- 

3 Transmlt data, TX+ 

4 Data terminal ready, DTR-*- 

5 Ground, GND 


RS-232/V.24 (25-pitı) 


I 


1 Supply. Vcc 

2 /Data. D- 

3 Oata.D* 

4 Ground, GND 


RS-485 


Secondary transmlt data 14 
Transmıt dock (DCE sûurce) İS 
Secondary recerved data 16 
Reteivedock 17 
Local loopback, IL 18 
Secondary request to send 19 
Data terminal ready, DTR 20 
Remote loopback, RL 21 
Ring indicator, Rl 22 
Baud rate select 23 
Transmıt dock (DTE source) 24 
Testmode 25 


6 

/Data, D- 7 
8 
9 


1 Protective ground 

2 Transmit data, TXD 

3 Receıve data, RXD 

4 Reque$t to send, RT5 

5 Clear to send, CTS 

6 Data set ready, DSR 

7 Signal ground 

8 Carrier detect 

9 Reserved (+V) 

10 Reserved (-V) 

11 Unassigned 

12 Secondary carrier detect 

13 Secondary dear to send 


i 


5 Ground, GND 


X.2I 


Transmıt (8) 9 
Control (8) 10 
Receıve (8) 11 
Indlcatıon (8) 12 
Signal tlmlng (8| 13 
Unassigned 14 
Unassigned İS 


11 Shield 
I 2 Transmıt | A) 

I B Control (A) 

I 4 Recelve (Al 
I 5 Indicatıon (A) 

I 6 Signal timıng (A) 
I 7 Unassigned 
I S Ground 


Fig.8.12. Pin connections used for some popular data communication interfaces 

Everyday Practical Electronics, May 2018 


39 










































with the RS-232 serial data path and 
various patching combinations are tested 
until a functional interface is established. 
If desired, a dedicated cable may then 
be manufactured in order to replace the 
patch box. 

Gen d er ch angers 

These normally comprise an extended 
RS-232 connector that has a male 
connector at one end and a female 
connector at the other. Gender changers 
permit mixing of male and female 
connector types (note that the convention 
is male at the DTE and female at the DCE). 

Null modems 

Like gender changers, these devices are 
connected in series with an RS-232C 
serial data path. Their function is simply 
that of changing the signal lines so that 
a DTE is effectively configured as a DCE. 
Null modems can easily be set up using 
a patch box or manufactured in the form 
of a dedicated null-modem cable. 

Line monitors 

These display the logical State (in terms 
of MARK or SPACE) present on the most 
commonly used data and handshaking 
signal lines. LEDs provide the user with 
a rapid indication of which signals are 
present and active within the system. 

Breakout boxes 

These provide access to the signal lines 
and invariably combine the features of 
patch box and line monitor. In addition, 
switches or jumpers are usually provided 
for linking lines on either side of the box. 
Connection is almost invariably via two 
25-way ribbon cables terminated with 
connectors. 

Oscilloscopes 

An oscilloscope can be used to display 
waveforms of signals present on data 
lines. It is thus possible to detect the 
presence of noise and glitches as well 
as measuring signal voltage levels and 
rise and fail times. A compensated (xlO) 
oscilloscope probe will normally be 
required in order to minimise distortion 
caused by test-lead reactance. A digital 
storage facility can be invaluable when 
displaying transitory data. 

interface te ster s 

These are somewhat more complex than 
simple breakout boxes and generally 
incorporate facilities for forcing lines 
into MARK or SPACE States, detecting 
‘glitches’, measuring baud rates, and 
also displaying the format of data words. 
Such instruments are, not surprisingly, 
rather expensive. 

Multimeters 

A general-purpose multimeter (see Part 
1) can be useful when testing static 
line voltages, cable continuity and 
terminating resistances. A Standard 
multi-range digital instrument will be 
adequate for most applications, and an 
audible continuity testing range can be 
useful when checking data cables. 


Universal Serial Bus (USB) 

Offering true plug-and-play 
capability coupled with high 
data rates, the universal 
serial bus (USB) has become 
the de-facto Standard for 
interconnecting a wide range of 
microcontrollers and computers 
to an equally wide range of 
peripheral devices, sharing the 
available bandwidth through a 
host-scheduled, token-based 
protocol. In a conventional 
USB connection, the USB data 
(D+ and D-) and power (Vbus 
and GND) are carried using a 
four-wire shielded cable. Vbus 
is nominaBy +5V at the source, 
and cable lengths can be up to several 
metres. To guarantee input voltage levels 
and proper termination impedance, 
biased terminations are normally used 
at each end of the cable. 

One of the advantages of USB över other 
bus systems is its ability to support hot- 
connection and hot-disconnection from 
the bus. This important feature requires 
that the host’s system software is not 
only able to recognise the connection 
and disconnection of devices, but is 
also able to reconfigure the system 
dynamically. Ali modern operating 
systems have this facility. 

USB devices attach to the USB through 
ports on hubs that incorporate status 
indicators to indicate the attachment 
or removal of a USB device. The 
hoşt queries the hub to retrieve these 
indicators. In the case of an attachment, 
the hoşt enables the port and addresses 
of the USB device through the device’s 
control pipe at the default address. 

The hoşt assigns a unique USB address 
to the device and then determines if the 
newly attached USB device is a hub or 
a function. The hoşt then establishes 
its end of the control pipe for the USB 
device using the assigned USB address 
and endpoint number zero. 

Ifthe attached USB device is a hub and 
USB devices are attached to its ports, 
then the above procedure is followed 
for each of the attached USB devices. 
Alternatively, if the attached USB 
device is a function, then attachment 
notifications will be handled by 
appropriate hoşt software. 

When a USB device has been removed 
from one of a hub’s ports, the hub 
will disable the port and provide an 
indication of device removal to the 
hoşt. The relevant USB system software 
must handle this indication. Note that 
if the removed USB device is a hub, the 
USB system software must handle the 
removal of the hub as well as any USB 
devices that were previously attached 
to the system through the hub. 

‘Enumeration’ is the name given to the 
allocation of unique addresses to devices 
attachedtoaUSBbus. BecauseUSB allows 
devices to attach or detach from the USB 
at any time, bus enumeration is an on- 
going activity for the USB system software. 
Additionally, bus enumeration includes 
the detection and processing of removals. 


Gulput voltage (V) 


5---______--- 



Fig.8.13. Signal levels present in a USB interface 


Table 8.4 USB pin connections (see 
Fig.8.12) and conventional colours 


Pin 

Function 

Colour 

1 

Vbus 

Red 

2 

D- 

White 

3 

D+ 

Green 

4 

GND 

Black 


As mentioned earlier, USB employs 
two differential data lines (D+ and D-) 
and two power connections. CMOS 
buffers are normally used to drive the 
relatively low impedance of the USB 
cable and the signal voltage present on 
the D+ and D- must be kept within the 
ranges shown in Fig.8.13. Note that the 
terminating voltage (logic high) should 
be within the range 3.0 to 3.5V. 

Detection of device connection is 
accomplished by means of pull-up and 
pull-down resistors placed respectively 
at the input/output of a port. USB pull- 
down resistors normally have a value 
of 15kD, while pull-up resistors have a 
value of 1.5kD. An interface adapter like 
that shown in Fig.8.14 can be extremely 
useful if you need to convert USB signal 
voltages to TTL-compatible signals (see 
Fig.8.14). 

Loopback testing 

The technique of loopback testing can 
be useful if you need to test a serial 
data interface; and is accomplished 
by looping back the transmitted data 
(TXD) back to the received data (RXD) 
line. Fig.8.15 shows the connections 
required to carry out a loopback test on 
an Arduino Uno microcontroller. When 



Fig.8.14. A low-cost TTL-to-USB 
interface 
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Fig.8.15. Carrying out a loopback test 
on an Arduino Uno microcontroller. 
The RESET tine must be connected to 
GND (black link wire) and the TXD 
line to the RXD line (red link wire) 



Fig.8.18. Captured digital data using LabNation’s SmartScope software 



the links have been made the board is 
connected to a hoşt Computer via the USB 
interface and the serial monitor is then 
started, as shown in Fig.8.16. A string 
of ASCII text characters is first entered 
in the serial monitor before clicking on 
the Send button. The serial data then 
makes the round trip (by USB and RS- 
232) and is finally sent back to the hoşt 
where it appears in the received data 
window. The data link can usefully be 
tested at different baud rates (in this case 
we have selected the fastest bit rate of 
115200 baud). 


Depending on the complexity of 
the Circuit, digital test gear can be 
as basic as a hand-held logic probe 


ASCII test string 


ASCII test string 


0 Autoscroll Nolineending v 11 5200 baud 


Fig.8.16. The serial monitor window showing the 
transmitted and received data 


and a few simple accessories. For 
more sophisticated logic, such as 
microcontrollers and microprocessors, 
a digital storage oscilloscope (DSO) is 
a useful acquisition (see Part 2). A DSO 
will allow you to capture a sample of 
data and then display it for detailed 
analysis at some later time. Data may 
be captured on a continuous hasis or a 
trigger event selected in order to initiate 
data capture (note that it is possible to 
capture data both before and after a 
trigger event). 

Fig.8.17 shows how an external USB 
‘scope can be used to monitor 
the signal lines on a Node 
MCU microcontroller. The 
resulting display (captured 
and stored for analysis) is 
shown in Fig.8.18). If you 
need to debug more complex 
microprocessor-based systems 
on a regular hasis then a 
dedicated logic analyser 
can be a useful 
investment. 
Unfortunately, 
such instruments 
can be rather 
expensive, but 
they do become 
available from 
time to time both 
second-hand 
and from on-line 


Send 


auction sources. Fig.8.19 shows a 
vintage SA3 Logic Analyser that can 
capture 40 data channels at a rate of 10 
million samples per second. Instruments 
like this can often be purchased for as 
little as £50. 

If you ar e working on a strictly limite d 
budget it is stili possible to enjoy logic 
analysis by using a low-cost USB bus 
interface like that shown in Fig. 8.2 0. This 
handy gadget provides you with eight 
TTL-compatible input channels and is 
designed for use in conjunction with 
computer-based data-capture software, 


Fig.8.19. Vintage 40-channel SA3 Logic Analyser 



Fig.8.17. A USR digital storage ‘scope with 
auxiliary digital inputs connected to digital I/O 
lines on a Node MCU microcontroller 


Get it right when when carrying out digital measurements 

• When using a logic probe or pulser, take çare to avoid short-circuits 
on adjacent pins or tracks 

• When using a logic probe or pulser, ensure that you have connected 
the supply leads correctly and that the supply voltage is the same 
as that used on the logic that you are testing 

• Before making measurements on logic circuits it is always worth 
checking that the supply voltage (s) are within the expected range (a 
low, high or missing supply voltage can produce misleading results) 

• Always observe anti-static procedures when working on logic 
devices and particularly when removing and replacing them from 
a Circuit board 

• When using an oscilloscope to observe logic signals, set the input to 
DC and always use a compensated xl0 probe to minimise loading on 
the Circuit under investigation (see Teach-In 2018: Part 2 for details) 

• If a bus line indicates an indeterminate State (ie, when neither 
logic 1 nor logic 0 is indicated when using a logic probe) it may be 
useful to momentarily pull the line high or force it low, and note 
the changes produced. 
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Fig.8.20. Ultra-low-cost 8-channel 
USB logic analyser 
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such as sigrok PulseView (from: https:// 
sigrok.org/wiki/PulseView) . 

In addition to equipment for capturing 
and analysing logic signals, a variety of 


Fig.8.22. Using PulseView to capture and analyse datafrom a Node MCU 
mi crocon troller 


accessories will help you make effective connection to the Circuit 
or system under examination. Fig.8.23 showsatypicalselection, 
including adap ters, a line monitor, probes andlC test elips. Finally, 
Fig.8.24 and 8.25 respectively show how a breakout boards and 
IC test elips are used in typical measurement situations. 


Fig.8.21. Connecting the low-cost logic analyser to a Node 
MCU microcontroller 


Fig.8.23. A variety of digital test gear accessories, 
including a 9-way to 25-way serial adapter, RS-232 line 
monitor, and various probes and IC test elips 



Fig.8.24. Using a breakout board to 
check logic signals present on an 
Arduino Nano 



Fig.8.25. Using an IC test dip to 
check logic signals present on a 
Raspberry Pi expansion board 


fesi Bear Projesi: 
fl simple logic prolıe 

Our simple logic probe will provide 
you with a handy device for observing 
digital signals. Despite the lack of a 


pulse-stretehing facility (see earlier) it 
is stili possible to differentiate between 
static and clocked logic signals and 
make a rough assessment of duty eyele 
and mark-to-space ratio. This can be 
useful when it is necessary to determine 
whether a logic line has become stuck 



Fig.8.26. Complete circuit of the simple logic probe 
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Fig.8.27. Stripboard layout ofthe simple logic probe 



Fig.8.30. External appearance ofthe simple 
logic probe 


or static (ie, permanently held at one or 
other logic level). 

The complete Circuit of our Test Gear 
Project is shown in Fig.8.26. The Circuit 
comprises an LM393 dual comparator 
(ICl) andtwo LED indicators (Dİ andD2) 
that indicate the State of the probe tip. If 
neither indicator is illuminated the probe 
is indicating a floating, indeterminate or 
tri-state condition. 

You will need 

Perforated copper stripboard (9 strips, 
each with 25 holes) 

ABS logic probe case 

Short length of twin insulated cable 

(see text) 

2 insulated crocodile elips (black / red) 

3 0.040-inch terminal pins 

1 Miniature DPDT toggle switch (Sl) 

1 LM393N 8-pin DİL dual comparator 
1 5mm red LED (Dİ) 

1 5mm green LED (D2) 

3 10k£l resistors (Rl, R4 and R5) 

2 4.7kfl resistors (R2 and R3) 

1 470kfl resistor (R6) 

2 330n resistors (R7 and R8) 

1 lOOpF 16V radial electrolytic (Cl) 

Assembly is straightforward and should 
follow the component layout shown 
in Fig.8.27. Note that the ‘+’ Symbol 
shown on Dİ indicates the more positive 
(anode) terminal of the LED. The pin 
connections for the LED are shown in 
Fig.8.28. The reverse side of the board 
(NOT an X-ray view) is also shown in 
Fig.8.27. Note that there’s a total of ten 
track breaks to be made. These can be 
made either with a purpose-designed 
spot-face cutter or using a small drill 
bit of appropriate size. There are also 
seven links that can be made with tinned 
copper wire of a suitable diameter or 


gauge (eg, 0.6mm/24SWG). 

When soldering has been 
c omp lete d it i s very imp ortant 
to carry out a careful visual 
check of the board as well as 
an examination of the track 
side of the board looking, 
for solder splashes and 
unwanted links between 
tracks. The internal andrear- 
panel wiring ofthe test signal 
source is shown in Fig.8.29. 

Finally, the PCB should be 
placed in the logic probe case 
(it should fit snugly inside 
the case with two holes 
drilled in the removable 
panel for Dİ and D2). The 
probe enelosure used for 
the prototype was a Teko 
LPl Probe Case, measuring 
145x30x21mm andavailable 
from Rapid Electronics 
(Order code 31-0335). 

The probe tip should be 
connected to the input 
terminal pin via a short 
length of insulated wire. The supply is 
connected using a twin insulated lead 
(400mm is ideal) terminated with red 
and black crocodile elips and solderedto 
the +V and OV pins on the Circuit board 
(see Fig.8.29). 

Testing 

Before use, it is important to test the logic 
probe, ensuring that the logic levels are 
correctly identified. Connect the supply 
leads to a 5V DC power source as shown 
in Fig.31. The probe tip is taken to the 
slider of a lkfl potentiometer that can 
then be adjusted to produce an input 
voltage of between OV and +5V. The 
voltage at the probe tip is indicated using 


a digital multimeter and the voltage range 
for logic 0 (green LED illuminated) and 
logic 1 (red LED illuminated) can then 
be observed. 

If the logic probe is working correctly 
the ranges should be OV to 1.7V for 
logic 0 (green) and 3.3V to 5V for logic 
1 (red). Note that neither LED should be 
illuminated for input voltages between 
about 1.7V and 3.3V. If this is not the 
case, check the orientation of ICl, the 



Fig.8.31. Test Circuit for the simple 
logic probe 


Table 8.5 Threshold voltage levels for low and high logic States 


Supply voltage 

3V 

3.3V 

5V 

9V 

12V 

15V 

Low threshold 

1.0V 

1.1V 

1.7V 

3.1V 

4.1V 

5.IV 

High threshold 

2.0V 

2.2V 

3.3V 

5.9V 

7.9V 

9.9V 



Fiat on package 



Underside view 


+ 

Anode (a) 


Cathode (k) 


LED (Dİ and D2) 



Symbol 


Fig.8.28. LED pin connections 



Fig.8.29. internal wiring ofthe simple logic probe 
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polarity of Dİ and D2, and the Circuit board wiring (checking 
that the track breaks and links have ali been made correctly). 
Table 8.5 shows the typical threshold voltage levels when the 
logic probe is used with different supply voltages. Note that, 
under no circumstances should the supply voltage be allowed 
to exceed 15V. 

Next month 

In next month’s Teach-In 2018 we will bring the series to a 
close with some advice on designing and building your own 
test gear. We will also include an index to ali previous parts 
of this series. 



Fig.8.32. Typical supply lead connections. On this Nano 
breakout board the red crocodile dip is taken to ‘3V3’ 
and the black is taken to ‘GND’ 
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Alexa - make me some money! 


B ACK İN 2013, an electronics inventor called 
Jamie Siminoff appeared on the US TV show ‘Shark 
Tank’, a program similar to the BBC series Dragon’s 
Den, in which embryonic business owners showcase 
their brainchild to a group of angel investors in the hope 
of winning some seed Capital. He demonstrated an early 
version of an Internet-enabled doorbell called ‘DoorBot’, 
which had a built-in video camera that allowed owners to 
see, and speak with, visitors on their smartphone. In theory, 
DoorBot would help ensure homeovmers never missed a 
visitor or delivery, especially when occupiers were away 
from home. Siminoff sought $700,000 for 10% of his 
business, but most of the ‘sharks’ rejected the concept. 
Siminoff turned down the only offer on the table and he 
walked away empty hande d. 

That was five years ago, but after several rounds of funding 
the product has undergone radical quality improvements to 
become the Ring video doorbell, as advertised on TV during 
Christmas 2017. None other than Amazon snapped up the 
entire product range a few weeks ago, reportedly for an eye- 
watering $l.lbn. Amazon seeks to add Ring video doorbells 
to its range of Internet-capable home control devices, and 
Ring is now part of the Alexa Fund portfolio, Amazon’s own 
venture Capital fund that supports projects that could benefit 
from voice control technology - specifically, the Alexa Voice 
Service. Since Amazon has now launched Echo Show, a £200 
wedge-shaped smart speaker with built-in LCD screen and 
camera, it made perfect sense to integrate a video doorbell 
into Alexa’s ecosystem by offering an Alexa Skill. You can 
now ‘ask Alexa’ to ‘show you the front door’. Ring also 
produces an interesting range of security cameras, including 



Apple’s £319 Homepod 
missed a Christmas launch 
and so came to the smart- 
home party rather late - its 
sound quality has been 
praised, less so its Siri- 
based ‘smarts’ 


rechargeable and solar- 
powered ones, promising a 
marriage with Alexa that is 
made in heaven. 

Amazon might perhaps go even further, scanning images 
of parcels or delivery staff into a Ring camera to take 
smart shipment tracking to the next level. Just as Google 
swallowed up Nest and its smart thermostats, doorbells, 
security cameras and more, Amazon’s latest acquisition 
points the way to a diversifying range of Alexa-aware home 
security and video doorbell gadgets that will enhance life in 
the networked home and become second nature to today’s 
generation. 

If smart doorbells and smartphones just aren’t for 
you, readers might consider a wireless doorbell system 
instead, such as Honeywell’s modern long-range wireless 
door chimes, push buttons and sender units that are 
readily available online. More details at: https://livewell. 
honeywell.com/en/doorbells/, or consider the Lloytron MiP 
range: www.lloytronuk.co.uk/mip/ 



Amazon’s £120 Echo Spot boasts a circular LCD screen and 
a control interface that is Alexa-powered 


Maplin’s sinking sands 

During a nasty snowstorm last month, I called into a 
small, traditional menswear shop in search of some winter 
clothing. The shop resembled something from ‘Hoarders’, 
with every square inch of floor and wall space laden with 
stock, leaving me with nowhere to stand. The owner 
popped up from nowhere and we got down to business. 
I could try on a range of gloves in colours, size and (most 
importantly!) fur linings until I found what I was looking 
for. It was pricey, but the owner proudly exclaimed that 
his retail prices were stili lower than the official online 
ones. Despite the crazy stock control, this half-century-old 
business was stili trading reasonably well in the Internet 
age, offering personal service on goods that you could 
instantly take away with you; it only stayed in business 
though because customers appreciated the service and 
went out of their way to support him. 

So it was with great sadness that I learned of the looming 
demişe of Maplin, the UK’s largest high-street retail chain 
of electronic technology and gadgets, and a brand familiar 
to legions of EPE readers. At the time of writing, the Stores 
continue to trade normally after the business collapsed into 
administration at the end of February. Maplin has passed 
through several owners’ hands in its chequered history and 
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the loss-making retailer has struggled in the face of faltering 
demand for ephemeral technology lines that churn över far 
too quickly, choosy consumers and adverse exchange rates 
(a problem for any trade sector reliant on Chinese imports, 
which are priced in US$). Last Christmas, I saw how 
local Maplin Stores were busy pushing Google Home and 
Amazon Echo smart speakers (the Apple Homepod had been 
delayed and missed the rush), the Ring video doorbell and 
ali manner of home security and other gadgets. However, I 
could teli that consumers were unsure and business was far 
from brisk: the nearest store was sparsely populated despite 
Maplin’s valiant attempts to draw in the crowds. Super- 
rapidly changing technology products and flaky consumers 
seem to be a toxic mix. It’s a sad but inescapable fact that 
the Internet has skewed buyers’ modi operandi, and today’s 
retail market has been distorted out of ali recognition by 
online shopping bringing millions of products and Services 
to buyers’ doors almost effortlessly. 

Maplin stemmed from a highly efficient mail order 
business that sold kits and a few parts for projects in popular 
hobby electronics magazines in the 1970s. This gave the 
firm a good head start in ‘arm’s length’ retailing and it has 
worked hard to embrace the web, search engine marketing, 
social media and ali the rest of it. Hindsight is always 
20/20, but the firm probably expanded too optimistically 
into bricks and mortar Stores, över 200 of them, any number 
of which are now under threat. 

A changing hobby 

I can hear readers saying that Maplin isn’t what it used 
to be, which is true: but flogging penny resistors or odd 
bits of stripboard won’t pay the wages or the shop rent. 
Electronics as a modern hobby has changed since Maplin’s 
glory days preceding the 1990s, and cheap and powerful 
microcontrollers now form the core of projects. Most discrete 
parts, tools and equipment can be bought at dirt-cheap 
prices online. Indeed, our current series Using Cheap Asian 


Modules shows how easily a cheap-and-useful, ready-built 
Circuit modüle can be bought and imported this way. 

Could Maplin catch the tidal wave of a new era of 
technology? Diversifying into higher-margin smart 
speakers, IoT gizmos, home CCTV and electricals as well 
as Raspberry Pi or Arduino made sense on paper, but again, 
almost everything could be bought online instead and 
judging by the lack of visitors to local Stores, the demand 
for goods did not seem to materialise. The consumer’s habit 
of ‘showrooming’, or testing out a product’s look and feel 
in-store before going home and buying it more cheaply 
online, hasn’t helped retailers in general either. As more 
Stores are gradually driven out of business by consumers’ 
changing habits, buyers will find they have less choice than 
they enjoyed before. Having grown up with Maplin since 
it started trading from a spare bedroom in the 1970s, we 
at EPE hope that Maplin’s administrators find a workable 
solution that will keep the brand alive for future hobbyists 
to enjoy. 

More smart talk 

Two more smart devices have arrived on the UK market, 
including the pricey and overdue £319 Apple Homepod 
smart speaker working with Siri, which seems to have had 
something of a soft launch. Early reviews are impressed by 
its high audio quality, but Homepod is probably better at 
playing Apple Music or tracks purchased from the iTunes 
store (in the same way an Echo can play tracks or CDs 
purchased from Amazon), rather than using it as a general 
voice-activated domestic helper like Google Home or 
Echo. Amazon UK has also released the Echo Spot, a £120 
Alexa-powered product with LCD screen and camera in a 
round form factor about the size of a large apple (see Net 
Work, December 2017). This, coupled with Amazon’s new 
doorbells and security systems shows how the battle to take 
control of the smart home is becoming more hard-fought 
than ever. 
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Practical DSP-Part2 


H ELLO again! In this second 
article on DSP (digital signal 
Processing) with Microchip’s dsPIC33 
microcontroller, we move to installing 
the development environment and 
support fileş to enable us to create 
our application. The development 
environment consists of the MPLAB 
X IDE (integrated development 
environment), the XC16 C compiler 
(the dsPIC33 has a different code 
compiler to the usual PIC16 and 
PIC18 processors) and an example 
application from Microchip to help us 
get started. 

Free tools 

Ali these software tools are provided 
free by Microchip. The XC16 compiler 
is available with a ‘free or paid- 
for’ model. It’s the same download, 
but you can select which version 
you are using during installation 
by either selecting ‘operate in free 
mode’ or entering a license code. To 
Microchip’s credit, the free version 
is plenty powerful enough, and we 
will not miss the additional features 
- mainly code space optimisation - in 
our projects. The optimisation aspects 
come in handy when you want to 
reduce code size to fit the code in a 
device with less Flash memory. That’s 
important when you are selling tens 
of thousands of products; but for us, 
we can simply pay a few pounds more 
and target a larger memory chip, as we 
have done. As an additional bonus, the 
DSP library functions - the code that 
we çare about being optimised - are 
supplied pre-compiled and therefore 
pre-optimised. 

For this article series we are using 
the latest version of Microchip’s 
development tools, namely MPLAB-X 
v4.10. If you would like to follow along 
then we suggest you dovmload this too. 
The code shown here is compatible 
with MPLAB-X, not the old MPLAB 
IDE. If you are downloading the 
IDE, then allow installation with the 
offered defaults and allow installation 
of additional device software - this 
step adds drivers for the PlCkit 3 and 
related debuggers. 

Önce installation completes, your 
web browser will launch and öpen on 


several pages. Click on the MPLAB- 
XC compilers tab, scroll to the bottom 
and select Downloads. Now click 
on MPLAB XC16 Compiler vl.33 
to download the installer. Önce the 
download completes, install that too, 
accepting ali the default options. Önce 
the installation completes you can 
go ahead and run the MPLAB X IDE 
by clicking on the desktop icon. Do 
note that it’s the IDE we run, not the 
similarly named ‘İPE’, which is the 
programming tool. 

Exploring the DSP library functions 

The Help menü for the XC16 Tool 
chain hints at the existence of the DSP 
library, and telis you to go search for 
the documentation in the installation 
directory. We eventually found the 
DSP library and documentation, but it 
appears dated - the user guides refer 
to it as the C30 DSP library, which 
is a different device family to ours. 
Buried within the source code zip file 
however, an updated documentation 
States it is the XC16 DSP Library. 
So, fingers crossed we will not come 
unstuck with our choice of processor. 

As is normal with documentation 
about library functions, the guides teli 
you what the functions do, not how to 
use them. Thankfully, example code is 
provided to show the use of the library 
in some realistic contexts, and these 
example applications are always a 
vital source of knowledge. Here again 
we come have a problem — the FFT 
example project CE018 is very old, not 
modified since 2007 and designed to 
work with the old and incompatible 
MPLAB v7 IDE, and the C30 compiler 
(now retired and replaced by XC16). 
So, potentially, we now face a 
significant porting job to make it build 
under MPLAB-X. 

Thankfully, a search on the Internet 
revealed that a more recent example 
project has been created by Microchip, 
named CE482. This was last updated in 
2015, targets MPLAB-X and the XC16 
compiler, and specifically refers to the 
dsPIC33 processor family. With luck, 
our workload has been dramatically 
reduced. 

In situations such as this, where 
you are starting on a new project, it’s 


advisable - highly advisable - to take 
small steps, validating each step as 
you go. With this approach in mind, 
we started by downloading the CE482 
example project from Microchip, 
opened it within MPLAB-X IDE 
and attempted to build it with no 
modifîcations. It was with some 
great relief that this build completed 
successfully ‘out of the box’. A quick 
scan of the build process output 
messages shows that the total code 
space used is 3714 bytes, and 3672 
bytes of RAM. Very small, which 
means our choice of processor should 
be able to hold the DSP library 
functions required with plenty of 
room for future application code - 
looking good! 

The next step is to change the 
project to target our selected processor 
and try building again. We are not 
worried about running the code on our 
board yet; in fact, we have not even 
looked to see exactly what the code 
does, let alone whether it will run on 
our minimalist hardware. Remember, 
it’s baby steps, one change at a time. 
We creep slowly towards having 
code run on our board. The example 
application has been designed to run 
on Microchip’s Explorer 16 board, 
an extensive but pricey solution, 
more than ten times the price of our 
hardware. With luck (and a little 
forward planning!) the code will be 
easy to ‘port’ to our board. 

Porting 

The process of taking a program 
written for one microcontroller and 
moving it to another is called ‘porting’. 
Just how complex this task becomes is 
down to several factors: 

• How dependent the application is on 
a microcontroller’s specific features 

• The level of differences between the 
microcontrollers 

• How well the application was written 

• The clarity of the porting documen¬ 
tation 

The first point above is covered; we are 
dependent on the DSP instructions in 
the processor, specifically within the 
Microchip-supplied DSP library that our 
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application links to during compilation. 
As that library supports our processor, 
and the example application does not 
connect to an external signal source, we 
should be good. 

The second point is reasonably well 
covered because we are sticking with 
a processor in the same family, with a 
large amount of code and data space, so 
we don’t expect any (nasty) surprises. 

The third point is hard to judge, so 
we proceed by checking the porting 
guidelines and dive right in. The 
Readme file for the example application 
hints that the process will be simple: 

Change device selection within MPLAB 
IDE to other device of your choice by 
using the following menü option: 

MPLAB X » Configuration drop-down 
option » <Listed Device Configuration> 

And that’s it. Great - this is going to 
be simple! 

Uh oh, not so fast - a look at the 
options provided in the drop down 
allows for only three processor options, 
and they do not include our processor 
(see Fig.l). What do we do now? A 
quick look at the fileş included in the 
project shows that there are several fileş 
specific to each processor offered in the 
drop-down list. As should be expected, 
each processor has a different amount 
of memory and different configuration 
bit settings that need to be accounted 
for when building any application. 
So, there are different fileş for each 
one. Fortunately, one of the processors 
listed - the dsPIC33EP256GP506 - is 
very similar to ours. It just has more 
pins and less memory. 

We now have two options: ‘hack’ the 
settings for the dsPIC33EP256GP506 
configuration fileş to match ours, or 
create a new configuration specifically 
for ours and do this properly. After 


much soul searching we chose the 
latter, as this way we are extending 
the Microchip example rather 
than creating a hard-to-maintain 
modification. 

The porting process starts by 
duplicating the configuration settings, 
an option provided within the IDE. 
We rename the configuration to 
dsPIC33EP512GP502, change the 
debugger to PICKIT3, and select 
the correct processor type. Next, we 
copied the source code directory 
from src\system_config\expl6\ 

dspic33ep256gp506 to a directory 
called src\system_config\epe\ 

dspic33ep512gp502. 

Finally, we added the newly copied- 
over source file to the list of source fileş 
within the project itself. Performing a 
build of the project resulted in success, 
so that’s the porting över. It took just 
three hours of puzzling, which is 
quick, even for a simple project such 
as this. 

The next step is to fully examine the 
source code of the Microchip example 
before we build our own, to understand 
the context of how to cali the DSP 
library functions. If you would like 
to follow these articles along fully, go 
ahead and download the complete set 
of project fileş, which can be found on 
the current issue’s monthly web page 
at www.epemag.com. (In case you are 
wondering, the original license from 
Microchip permits modification and 
redistribution.) We will be expanding 
on these fileş över the coming months, 
so make sure you check out each 
month’s downloadable fileş from the 
website. 

İnside the example application 

Let’s go up a level and review where 
we are. The point of the exercise this 
month is to obtain a configuration 
of the DSP library that will run with 
our processor, and to understand 
the context of how the DSP library 
functions should be called. The 


help documentation within the IDE 
explains what the functions do, but 
not how to string them together. 
With luck, the example application 
supplied by Microchip should do this, 
so let’s look. 

The bulk of the code is held in the 
file main_fft_example.c, located in 
the directory src\system_config\epe\ 
dspic33ep512gp502. Öpen the file in a 
text editör if you would like to follow 
along. 

As a side note, IDEs such as 
MPLAB-X are not the best text editors 
when ali you want to do is quickly 
view the contents of a text file. 
Notepad, supplied with Microsoft 
Windows, is acceptable, but very basic. 
Our recommended text file editör is 
Notepad++, a free and fully functional 
text editör. It opens quickly and does 
not fiil the screen with clutter. You can 
download it from the creator’s website 
here: notepad-plus-plus.org 

The first section inside main_fft_ 
example.c is the list of configurationbits 
settings. These are important because 
they define, among other things, the 
settings your microcontroller uses 
for the main system clock - and 
since this a different processor, it is 
almost certainly wrong. Correcting 
this will just require comparing the 
configuration settings section of both 
datasheets. We will come back to this 
section later. 

Next, in the file, some variables 
are declared. Thankfully, just six 
variables, which will help simplify 
our understanding. Let’s look at the 
four important one s. 

fractcomplex sigCmpx[] 

This is an array that will hold the 
input data to the FFT function 
cali. Note the unusual data type, 
fractcomplex. This is a special data 
type created by Microchip for use 
with their DSP library. A variable of 
type f ractcomplex consists of two 
parts, the real part and the imaginary 
part. These are ‘complex numbers’, 
not simple integer or floating-point 
values. 

Complex numbers are used in the 
FFT calculation because the signal 
is composed of many different 
frequencies varying in both amplitude 
and phase - complex numbers enable 
us to represent both quantities. 
A fuller explanation of complex 
number theory is beyond the scope of 
this article series, but it’s fine for us to 
simply ignore this fact, and just take 
çare to follow the data types being 
used, and how they are translated 
back to useful and meaningful values. 

When the FFT function is called, the 
resulting frequency data is returned in 
sigCmpx, so a second output array is 
not required. 

fractcomplex twiddleFactors[] 

This unusually named variable is 
actually a now-standard term used 
within DSP algorithms. This is an 
array of constants that are used within 
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Fig.2. Completed breadboard 

consuming. For our applications, 
where we are only interested in 
finding the peak frequencies, 
it’s not necessary to perform the 
square root computation. We used 
exactly the same technique in our 
speed camera detector project back 
in January 2005 to provide a fast 
display update. 

That short list of variables is 
followed by a simple main () 
function, which performs ali the 
function calls. It’s actually quite 
straightforward, and the list of 
functions called is very short: 

• Copy the input data to the 
sigCmpx 

• Cali the FFT 

• Compute square magnitude 

• Find the peak frequency 


the FFT function itself. The values 
change for FFT algorithms of different 
input sizes, but for a fixed input data 
size, the constants are the same - so 
it is convenient to pre-compute these 
before use. The Microchip example 
uses an FFT size of 512 samples, and 
we will stick with this, to save having 
to understand how to calculate new 
twiddle factors. We will talk about 
the implication of using a 512-sample 
buffer later, as the length of the buffer 
used impacts how long it takes to 
perform the FFT calculation, and the 
resolution of the frequencies obtained. 

fractional input[] 

This is an array in which the pre- 
computed example input signal 
is stored. In our example code the 
contents, held in the file inputsignal_ 
squarelkhz.c, define a 1kHz square 
wave signal. Notice that again, this 
datatype is a Microchip defined one. 
It is used to represent a special form 
of non-integer values that are encoded 
into a 16-bit integer variable. In next 
months article we replace the contents 
of this array with samples taken 
from the ADC peripheral. The use of 
a fractional datatype is very helpful 
because the ADC peripheral supports 
outputting data in a fractional format 
- so önce the ADC is correctly 
configured, we will not need to modify 
the data coming from the ADC before 
placing in this buffer. That will save 
lots of processing time. 

fractional output[] 

This array is used to store the 
output of the conversion from 
the FFT function’s complex data 
output and a squared magnitude 
representation, performed by the 
function SquareMagnitudeCplx (). 
The output buffer holds the data 
that we will use in our subsequent 
calculations. We make use of the square 
of the magnitude rather than calculate 
the magnitude itself, as the square-root 
function required to do this is very time 


A point of interest is how the 
fractional input array is copied to 
the fractcomplex sigCmpx array. 
Two steps are involved; the imaginary 
component in sigCmpx is set to 
zero, and the real component is set 
to half of the input data value. This 
is a requirement of Microchip’s FFT 
function and is mentioned in the DSP 
library help file. Although a fractional 
variable can store values between —1.0 
and +1.0, the FFT function requires 
that data be scaled down to between 
-0.5 and +0.5. A simple shift-right 
operation performs this. 

Running the sample application 

Returning to the configuration bits, 
we selected the internal RC oscillator 
as the source, and enabled the PLL 
(phase-locked loop) to multiply the RC 
oscillator’s output to 140MHz, giving 
us the highest processing speed of 70 


million instructions per second. We 
also added code within the main () 
function to toggle our LEDs, enabling 
the use of an oscilloscope to measure the 
execution time of the FFT conversion. 
The breadboard setup, now connected 
to the IDE and ready to go, is shown in 
Fig.2, and the schematic in Fig.3. Note 
that we do not have an external power 
supply - the PlCkit 3 can provide the 
power itself. 

We were delighted to find that the 
full process of copying data, FFT, 
square magnitude and peak detection 
took just under one millisecond. This 
is fantastic, because even when we 
add the time required to perform 512 
ADC samples, we will be running fast 
enough to be able to update a display 
several times a second. So, our tiny 
microcontroller is quite a powerful 
beast! 

Final thoughts on FFT 

Although we have discussed the 
magic of the FFT (Fast Fourier 
Transform), we’ve not yet spoken 
about the relationship between signal 
sample rate and FFT block size, and 
how these two relate to the values 
that are output by the FFT. Hopefully, 
with the aid of Fig.4 we can explain 
that. 

At the top of Fig.4 we have our input 
signal - in this case, a nice simple 
sinewave. This is being sampled at a 
periodic interval. Eight samples are 
presented to the FFT algorithm, so the 
block length in this example is eight. 
(In our code we are using 512 samples, 
but this example shows just eight 
for clarity.) With eight samples, our 
sampling window (T J is eight times 
the ADC sample rate. 

The FFT provides eight outputs - the 
same number as the number of inputs. 
Each output is a complex number, 



Fig.3. Breadboard schematic 
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to find an old discarded microphone 
with unpredictable performance. We 
are not looking for high audio quality 
here, so the cheapest option will be 
perfectly acceptable. 

The other circuit change we will 
have to add next month will be 
correctly scaling the input signal from 
the microphone to match the input 
range of the microcontroller’s ADC. 
If the output from the microphone 
is a few hundred millivolts, then we 
will need to amplify it by a factor of 
10 or more. To achieve this, we plan 
to make use of a novel peripheral 
integrated into the microcontroller 
- an op amp, shown in Fig.5. It 
would seem that Microchip have 
included this for exactly the purpose 
we are intending, to reduce the 
circuit component count by two 
components, a dedicated op amp IC 
plus resistor. Önce again, we would 
not be using this if we were looking 
for a high quality op amp, but given 
our project needs, it should be spot 
on. This is the first time we have 


denoting a specific frequency, and 
its magnitude. Each of these outputs 
is called a ‘bin’, as it contains the 
magnitude of a range of frequencies, 
the range being the resolution of 
that bin. Each bin spans a frequency 
defined by 1/T w . 

What about trying a real-world 
example? Well, next month we will be 
listening to the sound of guitar strings. 

Let’s make a rough assumption that the 
maximum frequency we are interested 
in resolving is 1kHz. If that is the 
maximum, then Nyquist’s theory says 
we need to sample at twice that rate, so 
our sample rate will be 2kHz. We have 
an FFT block size of 512, so our window size is 256ms. 
Given that the bandwidth of each bin is defined as 1/T , 
each bin spans a frequency range of 3.9Hz. Probably good 
enough for tuning a guitar - but we are not experts, so do 
feel free to comment! 

If better resolution is required, then clearly that means 
spending more time taking samples, and having a bigger 
FFT, which will take longer to compute. So, there is a 
delicate balance between accuracy and response time. 

Next month 

In next month’s article we expand the circuit to include 
audio input from an electret microphone, so we can collect 
data from the real world, and attempt to create a guitar tüner. 
The choice of Electret microphone is largely uncritical; we 
are using the cheapest one available from Farnell - part 
number 2066501. Costing less than a pound and with free 
next day delivery, it is simply not worth rummaging around 
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used an op amp integrated into a microcontroller, so next 
month is going to be exciting! 

If you are wondering how you will follow this article 
series along if you do not own a guitar - which most of 
us do not - fear not. We will be using a freely available 
audio signal generator program for the PC to create the 
guitar string sounds, available from here: www.ringbell. 
co.uk/software/audio.htm. And there are many different 
audio generators available, even for smart phones. So 
testing the circuit will not be difficult. We have several 
guitars available, so this project will be getting a genuine 
real-world test next month. 
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Regular Clinic 


by Ian Bell 


Source impedance and regülatör stability 


İ N THE February and March Circuit Surgery columns I 
discussed some issues related to power supply design 
posted by Tuurbo46/Rocket Ron on the old EPE Chat Zone 
(and continued on EPE’s new forum home on EEWeb: www. 
eeweb.com/forum/). Martin Walker responded to these 
articles with another forum thread on EEWeb, tagged with 
‘EPE Magazine’ to highlight its relevance to EPE. He wrote: 
‘I have been enjoying the recent Circuit Surgery columns on 
power supplies and potential dividers in EPE Magazine. I 
love the way that lan Bell tackles each subject, explaining 
the theory clearly from first principles using worked 
examples to aid understanding. I wondered whether Circuit 
Surgery would take a look at a subject that has always been 
a little fuzzy for me - switching power supply source 
impedance and how to mitigate for it. We ali know the rule 
of thumb that the source impedance of the input to a voltage 
regülatör must be lower than the negative input impedance 
of the converter (negative because the line voltage drops 
when more current is taken by the regülatör) by a factor 
of at least 10 times. We also know that if the source has 
a high impedance (e.g., long wires from the source to the 
regülatör) then this can be mitigated with some input 
capacitance, usually a large-value electrolytic. VVhat’s not 
clear to me is how big that capacitor should be for a given 
source impedance. Explanations range from the highly 
mathematical to the generic ‘use a 470pF for everything’. 
Is there a way to work out a suitable minimum capacitance 
value, based on the estimated or calculated impedance of 
the source?’ 

First, thanks to Martin for his positive comments about 
the articles. Martin obviously has some familiarity with this 
topic, but we will step back a bit to explain some of the 
background, including basic switching regülatör operation, 
before discussing some of the issues related to input 
capacitor selection. 

The basic configuration, without any capacitors or filters 
added, is shown in Fig.l. A DC source provides a voltage 
(Vj) to the input of the regülatör, which in turn delivers a 
regulated output voltage ( Vq) to the load, R L . V 0 will remain 
(more or less) fixed for a certain range of source voltages 
- the input operating range of the regülatör. V Q will also 
remain fixed as the load varies (again within limits), 
implying a variation in load current. In the context of 
Martin’s question the regülatör is assumed to be a switch- 
mode DC-DC converter. 

As discussed in the February article, real voltage sources 
(e.g., batteries and mains-rectified and/or stepped down by 
a transformer) are not perfect, but can be represented by 
an ideal voltage source in series with a source resistance. 
Where a Circuit is simplified to this form, it is known as a 
‘Thevenin equivalent circuit’. For sources such as batteries, 
R s is referred to as the ‘internal resistance’. Fig.l shows 
the source/internal resistance for the voltage source and 
regülatör ( R s and 7? P respectively). 

The regülatör takes electrical power from the source, at 
voltage V l and delivers it to the load at voltage V ö . The input 
power taken by the regülatör is P l = V Y I Y (7j is the regülatör 
input current, see Fig.l). The output power delivered to 
the load is P ö = V 0 I 0 (7 0 is the regülatör input current/load 
current). A real power supply will not deliver ali of its input 



Fig. 1. Power supply unit connected to a source and load 

power to the load because it will require power to operate 
and some losses will occur. The ratio of input power to 
usable output power is the efficiency (r|) of the regülatör, 
where: rj = P ö /Pı. Switching regulators can achieve 80% 
efficiency or better, but in the following discussion we will 
assume 100% efficiency to simplify things. 

Fig.l shows that the regülatör has an input resistance; 
however, this is not a simple constant resistance. For an 
ordinary resistor, an increase in voltage across it will result 
in an increase in current through it, but here, because 
the regülatör’s power is constant (with constant load), 
increasing the input voltage decreases the input current. 
This opposite direction of change means that the effective 
input resistance of the regülatör is negative (as mentioned by 
Martin). Furthermore, the input resistance of the regülatör 
is not constant, so we refer to it as incremental or dynamic 
resistance and use a lower-case Symbol, q. 

Dynamic and negative resistance 

For an ideal resistor, with resistance R, we have the well- 
known Ohm’s law relationships I = VIR, V = IR and R = VII. 
If we plot a graph of current (7) against applied voltage (V) 
we get a straight line. The generic equation for a straight 
line is y - mx + c, where m is slope of the line and c is 
the value of y when x = 0. For a resistor, y corresponds to 
7 and x to V. Zero voltage results in zero current, so c = 0 
in the generic equation, leaving y = mx or 7 = (1/7?) V- thus 
the slope of the line is 1/7?. A steep slope (large increase in 
current for a small increase in voltage) indicates a small 
resistance and vice versa. 

The resistance of an ideal resistor does not change with 
voltage or current (the slope of the line of the I-V graph is 
constant). However, the resistance of other components is 
not always the same at different applied voltages. In such 
cases we cannot State a single value of resistance, but we 
can measure the slope of the line at any point on the curve 
of interest to find the (dynamic) resistance (r) at that point. 
We can do this by choosing two points close together on the 
curve [V v JJ and [V 2 , 7 2 ) and then determine the slope at 
that point - the ratio of the change in the y value (7 in this 
case) to the change in the x value [V in this case): 

1 = M = l 2 -h 
r~ AV ~ V 2 -V 1 

Finding İl slope gives the incremental resistance. The slope 
is most accurately determined if the difference between the 
two points is a small as possible. In the limit, the difference 
tends to zero and we write dV instead of AV. This takes 
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us to the mathematics of calculus and 
the definition of dynamic resistance as 
the differential of the voltage-current 
relationship: 


dV 



If current decreases as voltage 
increases then the slope is in the 
opposite direction to that of a resistor 
and the resistance is negative. (Note 
that we can stili use small differences 
or differential calculus to find the 
resistance at a point of interest on the 
curve.) 

Regülatör dynamic input resistance 

A regülatör contains a negative 
feedback control loop, which attempts 
to keep its output voltage constant; this 
will result in changes in input current 
if the input voltage changes. However, 
initially consider the situation where 
the load and input voltage do not vary. 
We have P ö = V 0 I 0 and I Q = V Ö /R L , in 
which V 0 and R L are constant due to 
the unchanging situation, so I ö is also 
constant and hence P 0 is constant. 
Assuming 100% efficiency, the input 
power must also be constant and equal 
to P v Therefore P l = P Q = = V 0 I 0 . 

From this we can also write I Y = P Y / 
V î = P Q /V l = V Q I Q /V l . With everything 
constant we can consider the input 
resistance as a Standard voltage/ 
current ratio - this is referred to as 
the DC or static input resistance of the 
regülatör, R lBC 


= v I= v , 2 

h V 0 I 0 


Here, I Y was substituted with V 0 I 0 / 
V v as derived above. As an example, 
consider a DC-DC converter delivering 
Vq = 12V at İq = İA from a 24V input. 
The static input resistance is 242/ 
(12x1) = 48Q. 

One reason for having a regülatör 
is to keep V ö constant as its source 
voltage varies. Given that P l = V\I Y and 
P 1 is constant, any increase in V l will 
result in a proportional decrease in 
7j. Under these conditions we need to 
consider the dynamic or incremental 
resistance. To do this, we assume that 
the input voltage changes by AV- that 
is, it changes from V î to (Vj + AV). We 
can then use I Y - V 0 l 0 /V l to find the 
change in input current as it changes 
from V 0 I 0 /V l to + AV). Using 

this in the definition of incremental 
resistance we get: 


_AV _ (V I +AV)~V I 

r, ~JF~ Vpip Yok. 

(V, + AV) V, 

After some algebraic manipulation we 
get: 

(V, + AV)V r 


AV is very small (tends to zero for 
dynamic resistance), so we can 
simplify this to: 

vf V, 
r ' V 0 1 0 /, 

Which, by comparison with the 
equation above, can be seen to be 
the negative of the static resistance. 
This is a simplified analysis that 
assumes perfect regulation and 100% 
efficiency. In practice, the regulation 
is not perfect and the efficiency is not 
only less than 100%, but will vary 
with input voltage. 

An important point here is the 
relationship between what the 
regülatör is doing (in terms of 
regulation activity) and the effective 
input resistance of the regülatör. To 
understand this we need to know 
something about how the regülatör 
works. This will vary depending on 
the type of regülatör, so we will just 
look at one example. 



Fig.2. Basic svvitching converterschematic 
(buck converter) 


Regülatör operation 

We will consider a switching regülatör 
DC-DC converter that uses pulse- 
width modulation to control the 
output voltage. A simplified example 
Circuit is shown in Fig.2 - this is a 
step-down buck converter (Vj < V Q ). 
When the switch (S) closes, current 
flows from the source to the inductor 
and through the load. The inductor 
acts as an energy store (stored in its 
magnetic field). When the switch is 
öpen, the stored energy is released 
into the load, with the forward-biased 
diode providing the complete Circuit 
for current to flow. When the switch 
is closed and the input voltage is 
connected across the diode, the diode 
is reverse biased and does not conduct. 

When the switch closes the voltage 
across the inductor is V l - V Q . If we 
assume V Q is constant (that is the job 
of the regülatör) and Vj is also constant 
(for the situation under discussion) 
then the voltage across the inductor 


is constant at V l - V r 


o- Applying 


a constant voltage to an inductor 
results in a constant rate of increase 
in current. This comes from the 
fundamental equation for the voltage- 
current relationship of an inductor: 

di 

V = L — 
dt 


Where i is the inductor current at a 
given time (t), V is the voltage across 
the inductor, L is the inductance. 
Again, we have differential equation: 
di/dt is the rate of change of current. 
If V and L are constant we can use Al/ 
AT instead of di/dt. From this we can 
write the inductor current change as: 

V 

Al = — AT 

Ld 

When the switch is öpen the voltage 
across the inductor is also constant 
and is equal to the load voltage, but 
opposite in sign (see the voltage 
orientations denoted on Fig.2). 
Under these conditions the inductor 
is outputting energy into the load 
and its current is ramping down at a 
constant rate - a negative slope of dil 
dt in the above equation corresponds 
with the negative voltage. Note that 
the inductor current flows in the 
same direction irrespective of switch 
position, but the relative polarity 
of the inductor and load voltage 
change by virtue of the switching 
arrangement. The switched nature 
of the Circuit means that the output 
voltage has a tendency to vary (ripple) 
with the switching cycle, but this is 
smoothed by the capacitor (C). 

The control circuit manipulates 
the time the switch is on in order to 
maintain the correct output voltage. 
The switch is activated on a cycle of 
constant duration T, so it is on for 
time DT, where D is the duty cycle 
- the fraction of time the switch is 
on for. In each cycle the switch is off 
for time (1 - D)T. The timing of the 
switch and corresponding inductor 
current waveform is shown in Fig.3. 
The control circuit varies the duration 
of the voltage pulse into the circuit, 
so this is a form of pulse-width 
modulation (PWM) control. 



Fig.3. Timing and vvaveforms for the 
circuit in Fig.3 

With the help of Fig.3 we can find 
the change of current Al = (J max - 7 min ) 
for the two parts of the cycle using the 
equation for Al given above. With the 
switch closed Af = DT and we have VI 
- Vq across the inductor, so 


Imax imin 


(V, - v 0 ) 

L 


DT 
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With the switch öpen At = (1 - D] T and we have — V 0 across 
the inductor, so: 


imin Imax ~ T (1 D^T 


As can be seen from Fig.4, the inductor current changes 
by the same amount in each part of the cycle. For steady 
operation we can equate the two Al equations: 


(V, - Vp) 

L 


DT = 


■V 0 

7^(1 ~D)T 


With a little algebraic manipualtion, this simplifies to: 


Thus the control circuit will manipulate the duty cycle 
to set the output voltage. Given that (assuming 100% 
efficiency) P ö = P l = V Q V l = I Ö I Y so V ö /V l = 7j/7 0 = D (using 
the equation above) we can also write /j = DI 0 and VI = 
V 0 /D. Returning to the equation for dynamic resistance and 
substituting for V l and V ö we get: 

V, _ V °/p _ 1 Vg _ Rl 

V ' h I 0 D D 2 I 0 D 2 

Thus, the dynamic input resistance is determined by the 
regulator’s duty cycle and the load resistance. Similar 
equations can be obtained for regulators operating on 
different principles. 


İnput filter and capacitors 

A low-pass filter is commonly inserted between the source 
and regülatör input (see Fig.4). The purpose of this filter is 
to prevent any high frequency noise and interference from 
reaching the regülatör. The filter also prevents the regülatör 
from causing electromagnetic interference (EMİ), either by 
conduction via the circuit, or by radiation. It blocks high 
frequencies from the regülatör to isolate its switching noise 
from other circuits and wiring which might radiate signals. 
The filter can be implemented by just a capacitor across the 
regülatör inputs, or as a simple LC filter, as show in Fig.5, 
but a number of other variations are possible. 

Fig.5 shows a single input capacitor, however switching 
regulators often have multiple capacitors on their input; 
reflecting multiple roles for the capacitor (s) to: 



Fig.5. Fig.6. Regülatör with example filter circuit model. This 
is a two-component LC filter ; but the capacitor’s ESR and the 
source resistance/inductor resistance will also influence the 
fiiter’s characteristics. 


• Smooth input voltage variation due to switching (ripple) 

• Help cope with transient demands in load current 

• Provide high-frequency bypass for the internal control 
circuits (for stability) 

• Help shape the overall frequency response of the input 
filter. 

Selection of capacitors is not simply a matter of the correct 
capacitor value. Real capacitors have effective series 
inductance and resistance (ESR), possible voltage dependence 
and ripple current ratings that need to be considered, 
along with physical and thermal characteristics. Thus, 
particular types of capacitor are likely to be more suitable 
than others and various trade-offs may need to be thought 
about. Typically, regülatör datasheets provide guidance on 
capacitor selection. Multiple capacitors may be used because 
the imperfections and limitations of real components mean 
that one component cannot cover everything. 

To look at ripple smoothing in a little more detail, we note that 
the regülatör demands a varying input current from the source 
at the switching frequency (as shown in Fig.3), which in turn 
causes voltage variations due to inductance and resistance in 
the external circuit. These voltage and current variations are a 
potential source of EMİ, as noted above. Connecting a suitable 
capacitor across the regülatör input, as close as possible to the 
input, creates a bypass path at the relevant frequency, which 
shorts out any ripple. Typically, ceramic chip capacitors of 
units to tens of microfarads are used here, but when using a 
particular regülatör IC, the datasheet should be consulted for 
details of capacitors selection. 

When the regülatör is responding to abrupt increases 
in load current it will in turn increase its input current 
demand. It is often the case that the source will not be able 
to respond quickly enough to meet this demand. Again, the 
effect of current variation is to cause voltage variation on the 
input, which in this situation is potentially large enough to 
disrupt regülatör operation. The problem is most likely to 
occur if there is long wiring from the source to the regülatör 
input and can be overcome by using a sufficiently large 
capacitor across the inputs, referred to as a bulk capacitor. 
Electrolytic capacitors of tens or hundreds of microfarads 
may be used for this purpose, but again, the datasheet may 
provide more specific guidance. 



Fig.6. Regülatör with example filter represented in the source 
impedance. 

Source impedance and stability 

The filter and source resistance can be combined into a 
Thevenin-style source impedance, as shown in Fig.6. We 
use Z s rather than R s to indicate that we dealing with a 
frequency-dependent impedance rather than resistance. 
Similarly, we represent the input to the regülatör with 
impedance Z v The regulator’s control circuit is represented 
by its transfer function T[s), in which s is the Laplace 
complex frequency variable. As Martin indicates, a full 
analysis of the stability of the regulator’s control circuit 
typically involves significant amount of mathematics, 
which is beyond the scope of this article. 

We can get some insight into possible stability problems 
using Fig.6 without a full analysis. The overall relationship 
between the source voltage V s and the regülatör output is 
infhıenced by both T[s ) and the impedances Z s and Z v In 
fact, Z s and Z Y form a potential divider providing V l to T[s), 
so we can write: 
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Fig.7. Typical fi İter response of an RLC second-order low-pass fi İter. This graph 
illustrates the general shape of the response and is not related to any specific 
regülatör design 


From this, we can conclude that if 
Z s is much smaller than Z l9 then Z x i 
( Z s + Zj) will be close to unity and the 
relationship between V ö and V s will be 
dominated by the control Circuit T(s). 
Under these conditions we assume the 
control circuit will be stable, but if 
Z s becomes significant the behaviour 
of the system may change, with 
instability being a possibility. This 
leads to the rule of thumb that Martin 
mentioned that the magnitude of the 
source impedance should be at least 
ten times smaller than the magnitude 
of the regülatör input impedance. 

If the filter in Fig.5 is used, assuming 
R s = 0 for simplicity, then we have a 
second-order RLC low-pass filter. The 
frequency response (see Fig.7) of this 
filter depends on the relative values 
of the components. Of particular 
important here is the parameter 
known as ‘damping’ (symbol Ç). If 
the damping is relatively high then 
the filter gain will decrease slowly 
past the cut-off frequency. With less 
damping the response will exhibit a 
peak near the cut-off frequency. This 
will effectively amplify the noise in 
the circuit at that frequency, and the 
condition discussed above (Z s « Zj) 
may not be met, so instability may 
occur. Suitable filter design can avoid 
this problem and there are a number of 


technical articles from semiconductor 
manufacturers that discuss regülatör 
input filter design in detail. 

If one performs a stability analysis of 
the system in Fig.6, with the filter from 
Fig.5 (again with R s = 0) conditions 
for the relationship between q and the 
filter components to ensure stability 
can obtained. The results (for the 
particular situation discussed) are: 

k/l > Resr 


If the resistance [R esr in this case) is 
low then these conditions may not be 
met - also, from another perspective, 
the RLC circuit damping will be 
low and the previously discussed 
condition (Z s « Z T ) may not be met at 
ali frequencies. 

Martin has found ‘highly 
mathematical’ treatments because 
this is a complex topic - so we cannot 
provide a simple comprehensive 
answer, except perhaps to say read the 
datasheet of any switching regülatör 
you use carefully and follow any 
component selection and board layout 
guidelines provided. 
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Variable audio filters - Part 2: voltage-controlled filters 


Last month, we looked at manually 
controlled variable corner frequency 
filter circuits that used potentiometers 
to change a filter’s parameters. This 
month, we’ll look at voltage-controlled 
filters (VCFs), which are the most 
important processor circuits in sound 
synthesisers. In VCFs a voltage rather 
than a change in a physical resistance 
Controls the corner frequency. 

VCFs use the same technology as 
voltage-controlled amplifiers (VCAs) 
which are normally used to control 
gain or volüme. The simplest versions 
use an LED shining on light-depend- 
ent resistors, FETs and diodes, which 
effectively give voltage-controlled 
resistance. The problem with this tech- 
nique is that there are large individual 
variations in resistance and control 
curve with such devices. The tracking 
between the elements is worse than 
that between potentiometer sections. 
Better, but more complex control 


devices use the variation of transcon- 
ductance with current exhibited by 
bipolar transistors in fully balanced 
or differential configurations. 

Breakthrough 

Accurate balancing is important to 
prevent the control voltage itself from 
appearing on the output. This is called 
‘control voltage breakthrough’ and can 
manifest itself as thumps when the con¬ 
trol voltage is rapidly changed. Since 
the control voltage is normally in phase 
with the signal it has to be cancelled 
by a differential amplifier. Transistor 
matching of V be and H fe is important to 
ensure balance in these circuits. This is 
where chips and dual transistors have 
an advantage because the transistors are 
fabricated on the same piece of Silicon 
and hence accurately share semicon- 
ductor characteristics. 

Bob Moog filter 

The Moog synthe- 
siser filter must be 
the most famous 
filter in music his- 
tory. It has a unique 
Circuit design and 
sound, which is 
possibly why it 
was the only part 
of Moog’s Mini- 
moog synthesiser 
that was patente d 
(in 1966). (A little 
piece of Audio Out 
trivia - ‘Moog’ is 
pronounced ‘mohg’ 
with an ‘oh’ sound, 
not a bovine ‘moo’. 
I discovered this 
from the horse’s 
mouth when my 
friends and I were 
corrected by the 
late Robert Moog 
at a Theremin con- 
vention in 1996.) 

Moog’s Circuit 
evolved from Blum- 
lein’s long-tailed 


pair differential amplifier. The two 
collector-load resistors are replaced 
with a resistor/capacitor ladder shown 
in Fig.18. The output is derived from 
a differential amplifier placed at the 
top of the ladder. 

To vary the frequency, the value of ali 
the ladder resistors has to be varied si- 
multaneously. This is achieved using a 
Circuit element to replace the resistors 
whose resistance varies with current. 
By modulating the current though 
the ‘tail’ (the bottom common-emitter 
resistor of the transistors) the current 
through both sides of the ladder is 
controlled, thus varying the cut-off 
frequency. The simplest component 
for this job is a diode, whose non-lin- 
ear forward resistance is dependent 
on the current flow - see Fig.19. This 
resistance is the forward voltage (V f ) 
divided by the forward current 7 d , often 
called ‘dynamic resistance’. This is not 
very consistent between individual 
diodes, so instead, Bob Moog used 
individually biased transistors. 

Control breakthrough is eliminated 
by cancellation in the differential 
output stage. The filtered signal is 
amplified rather than rejected because 
the audio outputs of the ladder are out 
of phase. 

In music synthesis fourth-order fil¬ 
ters are normally used to get a more 
dramatic effect, which means four 
capacitors are needed, along with 
eight transistors. Fig.20 shows a Moog 
ladder filter and a prototype built on 
Veroboard (Fig.21). Note the use of 
a CA3046 transistor array to ensure 
the lower and upper long-tailed pair 
transistors are matched. 

The Gen X-1 I recently designed 
(Fig.22a) uses the cheaper relation of 
the Moog ladder filter, the diode lad¬ 
der filter. The famous 1974 Practical 
Electronics Minisonic and Gakken 
SX-150 synthesisers also use this Cir¬ 
cuit. In the Gen X-1 filter, the diodes 
are transistors wired as diodes, which 
exhibit a more consistent forward 
voltage. The top of the diode ladder 
must be isolated from power supply 
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Fig.19. Diode ladder filter used in the Gen X-l. This actually uses transistors wired as diodes, since the matching of the forward-biased 
resistance characteristic is better. 


noise, hence the use of a pair of emitter 
followers built around TR5 and 6 with 
decoupled biasing. The construction 
is surface-mount, where the devices 
cost pennies, and is shown Fig.22b. 
The lower long-tailed-pair transistor 
is a dual version of the 2N3904, which 
costs around lOp and ensures the 
ladder currents are equal. The moral 
of this story is that it’s now cheaper to 
build analogue circuitry with discrete 
surface mount technology than using 
single-sourced chips. 

Positive feedback 

For musical synthesis, it is useful 
to be able to put plenty of positive 
feedback around the filter to make 
it highly resonant, often to the point 
of oscillation. This gives synths their 
characteristic ‘wah’ sound as the 
filter opens up. Ladder filter circuits 
do this very well because the gain 
is reduced proportionally as the Q 
increases. The circuits also soft-clip 
and there is intermodulation between 
the input signal and the filter resonant 
frequency in a unique manner that is 
recognised as the ‘Moog sound’. 

Transconductance op amp filters 

There are a lot of components in 
a ladder filter, which makes them 
difficult to assemble by hand, espe- 
cially on stripboard. The solution is 
to use an IC, which will reduce the 


parts count considerably. The most 
popular devices for filters are oper- 
ational transconductance amplifiers 
or OTAs. They are basically op amps 
with a gain control pin. The output is 
a current output (hence the current 
source in the Symbol) as is the gain 
control, which is a current input. The 
output current is the product of the 
input voltage times the control cur¬ 
rent, thus giving gain control. OTAs 
are normally used öpen loop; that is, 
with no negative feedback. If negative 
feedback were used it would act to 
even out the desired gain variation. 
The resulting high gain of open-loop 
operation means only about 50mV 
peak-to-peak can be applied to the 
input before clipping occurs. This 
means an attenuator has to be insert- 
ed on the input. 

The most popular OTA chip in the 
heyday of the analogue synth, the 
1980s, was the CA3080 and the fa- 
mous Oberheim synthesiser used two 
of them for its filter. Unfortunately, 
transconductance amplifiers such as 
the CA3080, CA3060 and the higher 
quality CA3082 are now expensive 
because they are no longer made and 
eBay sellers are taking advantage of 
demand and scarcity. The chips used 
the now obsolete 7pm-fabrication 
process. It seems there will be no 
new plant commissioned, a disaster 
for synth builders. However, for the 


moment, you can buy the 
LM13600/700, which is stili availa- 
ble from National Semiconductor and 
JRC. This chip consists of a couple of 
3080 masks combined with a pair of 
Darlington transistors available for 
use as buffers. This enables a whole 
filter to be built with one chip. There 
are also linearising diodes on the in- 
puts that reduce the distortion. These 
work by generating a distortion op- 
posite to that produced by the chip’s 
input transistors. This cancellation 
only works up to a certain point, at 
which point the distortion suddenly 
returns. 

An LM13600 OTA filter circuit is 
given in Fig.23. It is basically a form 
of State variable with band-pass and 
low-pass outputs. The output current 
can feed directly into a capacitor, 
forming an integrator. A buffer stage 
is then required after the capacitor. 
This block can then be put into the 
state-variable filter topology. With the 
CA series chips, the buffer can be an 
op amp wired as a voltage follower 
or a JFET source follower. The Dar¬ 
lington buffers in the LM13600 have 
their operating current linked to the 
control pin current to maintain a 
higher input impedance. In theory, 
this should be an advantage for filters 
since the drain on the integrating ca¬ 
pacitor should be less at low control 
currents. The LM13700 chip does 
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Fig.20. The famous 
Moog la d der fi İter - 
this is my irıterpre- 
tation, designed for 
PP3 9V battery use, 
rather than ±15V. 
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Fig.21. The Moog ladder filter built on Veroboard. 

not have this fea- 
ture, but I no- 
ticed no differ- 
ence when used 
with this filter. 
The chip has the 
advantage of be- 
ing available in 
surface mount. 

Unusually, this 
Circuit runs on a 
PP3 9V battery 
- the Standard 
choice for gui- 
tarists and stu- 
dents, who find 
lugging mains 
dual-rail PSUs 
around a pain. 
In this Circuit 
the current from 
the linearising 
diodes also gen- 
erates the cen- 
tre bias voltage 

Fig.22. a) Gen X-1 synthesiser; b) inside the synthesiser: the diode lad- ac ^OSS R20. The 
der filter made from discrete transistors can be seen. The total cost of chips are quite 
the entire filter is less than an LM13600 and can run on 5V. noisy and not re- 




Fig.24. Veroboard construction of the 
transconductance op amp filter in Fig.23. 


ally ‘Hi-Fi’, but are effective in synthe- 
sisers or as a musical effect. Although 
the distortion is high at around 0.6%, 
it does not sound objectionable. It is 
more a form of soft clip. Although 
this design is only second-order, it is 
truly so, giving a 12dB/octave roll-off 
(the ladder filters giving a few dB less 
than their theoretical 24dB/octave). 



Fig.27. A prototype of the fourth-order filter. 
Note the plug-in board with four SİL (single 
in line) VCAs. The type used were the dbx 
2180 (novvmade by That Corporation) avail¬ 
able from Profusion in the UK. This was de¬ 
sign e d to evaluate the performance ofdiffer- 
ent control element s. 




Fig.25. Peaky synthesiser response obtained by boosting the resonance. 


Fig.28. The notched band-pass filter output. 



Fig.29. a) Low-pass response of the Blackmer VCA filter. Note consistency of curve as control voltage is varied. This would not be possible 
with a normal multi-gang potentiometer. Since this is a fourth-order filter the scale has been changed to 50dB or 2dB per a division; b) VCA 
filter at max Q. The slight droop in peak height tovvards the bass is due to the AC coupling 
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Fig.26. Fourth-order filter using 2180 Black¬ 
mer VCA chips from That Corporation as the 
control elements. Complex, but capable of 
full Hi-Fi performance. ît avoids having to 
obtain an 8-gang precision anti-logarithmic 
potentiometer for stereo use. 

A linear potentiometer loaded by a 
low-value resistor provides a logarith- 
mic frequency control. 

A photo of the simpler Veroboard 
construction is shown in Fig.24. 
Fig.25 shows the effect of turning 
up the resonance. It is possible to 
Cascade two LM13600 filters to get a 
fourth-order filter, but the resonance 
control becomes difficult because of 
the higher phase shift. A dual-gang 
potentiometer could possibly be used 
with one for each second-order sec- 
tion, but this will impair reliability. 
In the fourth-order Oscar synthesiser 
filter, the resonance function was 
made voltage-controlled by adding an 
additional LM13600, allowing use of 
a single-gang potentiometer. I plan to 
try making a third-order filter with the 
spare section for a VCA. This would 
simplify the construction of a small 
synthesiser for EPE one day. 

Mega-posh filter 

My favourite filter is shown in Fig.26; 
it has proper Hi-Fi performance. It is 
based on the fourth-order state-vari- 
able configuration shown last month, 
but with Blackmer VCAs for frequency 
control rather than a potentiometer. 
As a result, the tracking of the integra- 
tor sections is much better, resulting 
in a more consistent response curve. 
A single potentiometer can be used 
to control ali eight integrator sections 
in a stereo filter. The cumulative 
distortion of the VCAs is very low, in 
the order of 0.15% and subjectively 
benign. A full orchestra can be put 
through it and stili sound clean and 
smooth. Blackmer VCAs are inverting, 
so the feedback paths from the first 
and third integrator stages have to 
be fed into the inverting pin of the 
summation stage ICla, unlike the 
original fourth-order state variable. If 
this isn’t observed the result will be 
an oscillator. The prototype Circuit is 
shown in Fig.27. It has an additional 
output which is the two band-pass 
outputs summed together which 
results in a band-pass with a notch 
in the middle shown in Fig.28. This 
provides a unique phaser type sound 
when the frequency is swept up and 
down. Fig.29a shows the curve across 
the audio range and Fig.29b shows a 
degree of peaking applied. 

When I get a PCB done, İTİ do this 
Circuit as a proper project. DJs and 
live electronic musicians will love it. 
It makes a fantastic filter swell pedal. 
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE 

ELECTRONICS CD-ROMS 


PC CT-ROM , I 

SUCCESS 


EDLTCATIO^AL SÜİTİ 


GCSL: h L ECT RON I CS 



£12.50 

ine. VAT and P&P 


Suitable for any student who is serious about studying and who vvants to achieve 
the best grade possible. Each program’s clear, patient and structured delivery will 
aid understanding of electronics and assist in developing a confident approach to 
ansvvering GCSE questions. The CD-ROM will be invaluable to anyone studying 
electronics, not just GCSE students. 



* Contains comprehensive teaching material to cover the National Curriculum 
syIIabus *Regular exercises reinforce the teaching points *Retains student 

interest with high guatity animation and graphics * Stimulates learning through Interactive exercises * Provides 
sample examination ques-tions with model Solutions * Authored by praetising teachers *Covers ali UK 
examination board syllabuses * Caters for ali levels of ability * Useful for self-tuition and revision 


SUBJECTS COVERED 

Electric Circuits - Logic Gates - Capacitors & Inductors - Relays - Transistors - Electric Transducers - Operational 
Amplifiers - Radio Circuits - Test Instruments 


Över 100 different seetions under the above headings 


CIRCUIT WIZARD 

Circuit VVizard is a revolutionary softvvare system that combines Circuit design, PCB design, simulation and CAD/CAM 
manufacture in one complete package. Two versions are available, Standard or Professional. 

By integrating the entire design process, Circuit VVizard provides you with ali the tools necessary to produce an electronics project from start to 
finish - even ineluding on-sereen testing of the PCB prior to construction! 

* Circuit diagram design with component library (500 components Standard, 1500 components Professional) * Virtual 'Instruments 
(4 Standard, 7 professional) * On-screen animation * Interactive Circuit diagram simulation * True analogue/digital simulation 

* Simulation of component destruetion * PCB Layout * Interactive PCB layout simulation * Automatic PCB routing * Gerber export 

* Multi-level zoom (25% to 1000%) * Multiple undo and redo * Copy and paste to other softvvare * Multiple document support 

This softvvare can be used with the Jump Start and Teach-ln 2011 series (and the Teach-ln 4 book). 

Standard £61.25 ine. VAT. Professional £75 plus VAT. 



TINA Design Süite V11 

Anaiogue, Digital, Symbolic, RF, MCU and Mixed-Mode Circuit 
Simulation and PCB Design with TINA 

TINA Design Süite VII is a povverful yet affordable softvvare package for 
analysing, designing and real time testing anaiogue, digital, MCU, and mixed electronic 
circuits and their PCB layouts. You can also analyse RF, communication, optoelectronic 
circuits, test and debug microcontroller applications. 

Enter and analyse any Circuit up to 100 nodes (student), or 200 with the Basic (Hobbyist) 
version vvithin minutes vvith TINA’s easy-to-use schematic editör. Enhance your schematics 
by adding text and graphics. Choose components from the large library containing more than 
10,000 manufacturer model s. Analyse your Circuit through more than 20 different analysis 
modes or vvith 10 high tech Virtual instruments. 

Present your results in TlNA’s sophisticated diagram vvindovvs, on Virtual instruments, or in 
the live Interactive m od e vvhere you can even edit your Circuit during operation. 

Customise presentations using TlNA’s advanced dravving tools to control text, fonts, axes, 
line vvidth, colour and layout. You can create and print documents directly inside TINA or cut 
and paste your results into your favourite word procesing or DTP package. 

TINA ineludes the follovving Virtual İnstruments: Oscilloscope, Function Generator, 
Multimeter, Signal Analyser/Bode Plotter, Netvvork Analyser, Spectrum Analyser, Logic 
Analyser, Digital Signal Generator, XY Recorder. 



This offer gives you a CD-ROM - the softvvare vvill need registering (FREE) vvith Designsoft 
(TINA), details are given vvithin the package. 

Get TINA Basic V11 (Hobbyist) for £129 or Student V11 version for £49 

Prices inciude VAT and UKpostage 

+ get a 1 year free subseription for TINACIoud the breakthrough cloud version of TINA which you can run on most 
operating systems and computers, ineluding PCs, Macs, thin clients iPads and other tablets - even on many smart 
phones, smart TVs and e-book readers. 

To order piease either fiil out and return the order form, or cali us on 01202 880299 
Alternatively you can order via oursecure oniine shop at: WWW.epemag.com 





















































PİCmicro TUTORIALS AND PROGRAMMING 

- HARDVVARE - 


PİCmicro Multiprogrammer Board 
and Development Board 

Suitable for use with the three software packages 
Usted be/ow 

This flexible PİCmicro microcontroller programmer board and 
combination board allovvs students and professional engineers 
to learn how to program PİCmicro microcontrollers as well 
as program a range of 8, 18, 28 and 40 pin devices from the 
12, 16 and 18 series PİCmicro ranges. For those who want to 
learn, choose one or ali of the packages below to use with the 
hardvvare. 

• Makes it easier to develop PİCmicro projects 

• Supports low cost Flash-programmable PİCmicro devices 

• Fully featured integrated displays - 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 

• Supports PİCmicro microcontrollers with A/D converters 

• Fully protected expansion bus for project work 

• USB programmable 

• Compatible with the E-blocks range of accessories 



£118 including VAT and postage 


SOFTVVARE 


ASSEMBLY FOR PİCmicro V6 

(Formerly PİCtutor) 

Assembly for PİCmicro microcontrollers V3.0 (previously knovvn as PİCtutor) by 
John Becker contains a complete course in programming the PIC16F84, 16F88 
and 16F877a PİCmicro microcontroller from Arizona Microchip. İt starts with 
fundamental concepts and extends up to complex programs including vvatchdog 
timers, interrupts and sleep modes. 

The CD makes use of the latest simulation techniques vvhich provide a superb tool 
for learning: the Virtual PİCmicro microcontroller, this is a simulation tool that allovvs 
users to vvrite and execute MPASM assembler code for the PIC16F84 microcontroller 
on-screen. Using this you can actually see what happens inside the PİCmicro MCU 
as each instruction is executed, vvhich enhances understanding. 

• Comprehensive instruction through 45 tutorial sections 

• Includes Vlab, a Virtual PİCmicro microcontroller: a fully functioning 
simulator 

• Tests, exercises and projects covering a vvide range of PİCmicro MCU 
applications 

• Includes MPLAB assembler 

• Visual representation of a PİCmicro shovving architecture and functions 

• Expert system for code entry helps first time users 

• Shovvs data flow and fetch execute cycle and has challenges (vvashing 
machine, lift, crossroads ete.) 

• Imports MPASM fileş. 



FLOVVCODE FOR 
PİCmicro V7 

Flovvcode is a very high level language programming system based on flovveharts. 
Flovvcode allovvs you to design and simulate complex systems in a matter of 
minutes. A povverful language that uses maeros to facilitate the control of devices 
like 7-segment displays, motor controllers and LCDs. The use of maeros allovvs 
you to control these devices vvithout getting bogged down in understanding the 
programming. VVhen used in conjunction with the development board this provides 
a seamless solution that allovvs you to program chips in minutes. 

• Requires no programming experience 

• Allovvs complex PİCmicro applications to be designed quickly 

• Uses international Standard flow chart symbols 

• Full on-screen simulation allovvs debugging and speeds up the development 
process. 

• Facilitates learning via a full süite of demonstration tutorials 

• Produces code for a vvide range of devices 

• 16-bit arithmetic strings and string manipulation 

• Pulse vvidth modulation 

• I2C. 

Please note: Due to popular demand, Flovvcode is now available as a dovvnload. 
Please inelude your email address and a username (of your choice) on your order. 
A unique dovvnload code will then be emailed to you. 



PRICES 

Single License. 

.£99 

plus VAT 

Prices for each of the CD-ROMs above are: 

Site Licence. 

.£499 

plus VAT 

(Order form on next page) 

Flovvcode. 

.Contact us for pricing 

(UK and EU customers add VAT to ‘plus VAT’ prices) 

(choose PIC-8b, PIC-16b, PIC-32b, AVR/Arduino,ARM) 
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ELECTRONICS 
TEACH-IN 2 


ELECTRONICS 
TEACH-IN 3 


ELECTRONICS 
TEACH-IN 4 


ELECTRONICS TEACH-IN 2 CD-ROM 

USING PIC MICROCONTROLLERS A PRACTICAL 

INTRODUCTION 

This Teach-lrı series of articles was originally published 
in EPE in 2008 and, follovving demand from readers, has 
now been collected together in the Electronics Teach-ln 2 
CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also 
republished from EPE. These provide a hoşt of practical 
programming and interfacing information, mainly for 
those that have already got to grips with using PIC 
microcontrollers. An extra four part beginners guide to 
using the C programing language for PIC microcontrollers 
is also included. 

The CD-ROM also contains ali of the softvvare for the 
Teach-ln 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip - the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
VVimborne Publishing Ltd. with the assistance of Microchip 
Technology İne. 


Order code ETI2 CD-ROM 


ELECTRONICS TEACH-IN 3 CD-ROM 

The three seetions of this CD-ROM cover a very wide range of 
subjects that will interest everyone involved in electronics, from 
hobbyists and students to professionals. The first 80-odd pages 
of Teach-ln 3 are dedicated to Circuit Surgery, the regular EPE 
clinic dealing with readers’ queries on Circuit design problems 
- from voltage regulation to using SPICE Circuit simulation 
softvvare. 

The second seetion - Practically Speaking - covers the 
practical aspects of electronics construction. Again, a vvhole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 
Finally, our collection of Ingenuity Unlimited circuits provides 
över 40 Circuit designs submitted by the readers of EPE. 

The CD-ROM also contains the complete Electronics 
Teach-ln 1 book, vvhich provides a broad-based introduetion 
to electronics in PDF form, plus interaetive quizzes to test your 
knovvledge, TINA Circuit simulation softvvare (a limited version - 
plus a specially vvritten TINATutorial). 

The Teach-ln 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. 

cd-rom ı.n.umu^jı.iffKsm £s.so 


ELECTRONICS 
TEACH-IN BUNDLE - 
FOR PARTS 1,2, 3 & 4 


l 


ORDERING 

ALL PRICES INCLUDE UK 
_ POSTAGE _ 

Standard/Student/Basic (Hobbyist) 

Version price includes postage to most countries 
in the world EU residents outside the UK add £5 for 
airmail postage per order 


Please send me: CD-ROM ORDER FORM 


Version required: 

□ Assembly for PİCmicro V5 □ Single License 

□ ‘C’ for 16 Series PİCmicro V5 □ Site licence 


VISA 


Note: The softvvare on each version is the same, only the licence for use varies. 


□ PİCmicro Multiprogrammer Board and Development Board (hardvvare) 


□ Circuit Wizard - Standard 

□ Circuit Wizard - Professional 

□ GCSE Electronics 

□ TINA Design Süite VII Basic (Hobbyist) 

□ TINA Design Süite VII (Student) 


□ Teach-ln 2 

□ Teach-ln 3 

□ Teach-ln 4 

□ Teach-ln Bundle 


Full name: 
Address: . 


Post code: 


Tel. No: 


Signature:. 

□ I enelose cheque/PO in £ sterling payable to VVİMBORNE PUBLİSHİNG LTD for £ 

□ Please charge my Visa/Mastercard: £. 

Valid From:.Card expiry date:. 


Card No: 


Card Security Code. 

(The last 3 digits on or just under the signature strip) 


ELECTRONICS TEACH-IN 4 CD-ROM 

A Broad-Based İntroduetion to Electronics. 

The Teach-ln 4 CD-ROM covers three of the most important 
electronics units that are currently studied in many schools 
and colleges. These inelude, Edexcel BTEC level 2 avvards 
and the electronics units of the new Diploma in Engineering, 
Level 2. 

The CD-ROM also contains the full Modern Electronics 
Manual, vvorth £29.95. The Manual contains över 800 pag¬ 
es of electronics theory, projects, data, assembly instruc- 
tions and web links. 

A package of exceptional value that will appeal to ali those 
interested in learning about electronics or brushing up on 
their theory, be they hobbyists, students or professionals. 


Order code ETI4 CD-ROM 


ELECTRONICS 
TEACH-IN 6 



ONLY AVAILABLE ON CDROM 

ELECTRONICS TEACH-IN 
6 - 

A COMPREHENSIVE GUİDE 
TO RASPBERRY Pi 
Mike & Richard Tooley 

Teach-ln 6 contains an exciting 
series of articles that provides a complete introduetion to 
the Raspberry Pi, the low cost Computer that has taken 
the education and computing vvorld by storm. 

This latest book in our Teach-ln series will appeal to 
electronic enthusiasts and Computer buffs vvanting to get 
to grips with the Raspberry Pi. 

Anyone considering what to do with their Pi, or maybe 
they have an idea for a project but don’t know how 
to turn it into reality, will find Teach-ln 6 invaluable. İt 
covers: Programming, Hardvvare, Communications, Pi 
Projects, Pi Class, Python Ouickstart, Pi World, Home 
Baking ete. 

The book comes with a FREE cover-mounted DVDROM 
containing ali the necessary softvvare for the series so 
that readers can get started quickly and easily with the 
projects and ideas covered. 



160 Pages 


Order code ETI6 


£8.99 


Single License and Site License Versions 

- overseas readers add £5 to the basic price 
of each order for airmail postage (do not add 
VAT unless you live in an EU (European Union) 
country, then add VAT at 20% or provide your 
official VAT registration number). 

Send your order to: 

Direct Book Service 
VVimborne Publishing Ltd 
113 Lynvvood Drive, Merley, 
VVimborne, Dorset BH21 1UU 

To order by phone ring 

01202 880299. Fax: 01202 843233 

Goods are normally sent within seven days 

E-mail: fay.kearn@wimborne.co.uk 

Online shop: 

www.epemag.com 
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DIRECT BOOK SERVİCE 



PYTHON CODING ON THE BBC MICRO:BIT 
Jim Gatenby 

Python is the leading programming language, easy to learn and vvidely used by profession- 
al programmers. This book uses MicroPython, a version of Python adapted for the BBC 
Micro:bit. 


Coding on 
the BBC 
micro:bit 



Among the many topics covered are: The main features of the BBC micro:bit including a 
simulation in a Web brovvser screen; The various levels of programming languages; The Mu 
Editör for vvriting, saving and retrieving programs, with sample programs and practice exer- 
cises; REPL, an interactive program for quickly testing lines of code; Scrolling messages, 
creating and animating images on the micro:bit’s LEDs; Playing and creating music, sounds 
and synthesized speech; Using the on-board accelerometer to detect movement of the 
micro:bit on three axes; A glossary of computing terms. 





This book is vvritten using plain English and avoiding technical jargon vvherever possible and 
covers many of the coding instructions and methods vvhich are common to most program¬ 
ming languages. İt should be helpful to beginners of any age, vvhether planning a career in 
computing or vvriting code as an enjoyable hobby. 


The books listed have been 
selected by Everyday Practical 
Electronics editorial staff as 
being of special interest to 
everyone involved in electronics 
and computing. They are 
supplied by mail order direct to 
your door. Full ordering details 
are given on the last page. 


FOR A FULL 

DESCRIPTION OF THESE 
BOOKS AND 

CD-ROMS SEE THE SHOP 
ON OUR VVEBSITE 

www.epemag.com 


Ali prices include 
UK postage 


MICROPROCESSORS 


INTERFACING PIC MICROCONTROLLERS - 
SECOND EDITION Martin Bates 


118 Pages 


Order code PYTH MBIT 


£7.99 



GETTING STARTED WITH THE BBC MICRO:BIT 
Mike Tooley 

Not just an educational resource for teaching youngsters coding, the BBC micro:bit is a tiny lovv 
cost, low-profile ARM-based single-board Computer. The board measures 43mm x 52mm but de- 
spite its diminutive footprint it has ali the features of a fully fledged microcontroller together with a 
simple LED matrix display, tvvo buttons, an accelerometer and a magnetometer. 

Mike Tooley’s book vvill shovv you hovv the micro:bit can be used in a wide range of applications 
from simple domestic gadgets to more complex control systems such as those used for lighting, 
Central heating and security applications. Using Microsoft Code Blocks, the book provides a Pro¬ 
gressive introduction to coding as vvell as interfacing vvith sensors and transducers. 

Each chapter concludes vvith a simple practical project that puts into practice vvhat the reader has 
learned. The featured projects include an electronic direction finder, frost alarm, reaction tester, 
battery checker, thermostatic controller and a passive infrared (PIR) security alarm. 


THEORY AND 
REFERENCE 

_ J 


No previous coding experience is assumed, making this 
book ideal for complete beginners as vvell as those vvith 
some previous knovvledge. Self-test questions are provided 
at the end of each chapter, together vvith ansvvers at the end 
of the book. So vvhatever your starting point, this book vvill 
take you further along the road to developing and coding 
your ovvn real-vvorld applications. 


108 Pages 


Order code BBC MBIT 


£7.99 


298 pages 


Order code NE48 ;■ 


PROGRAMMİNG 16-BIT PIC MICROCONTROLLERS 
İN C 

- LEARNING TO FLY THE PIC24 Lucio Di Jasio 
(Application Segments Manager, Microchip, USA) 


496pages +CD-ROM 


Order code NE45 


£38.00 


İNTRODUCTİON TO MICROPROCESSORS AND 
MICROCONTROLLERS - SECOND EDITION 
John Crisp 


222 pages 


Order code NE31 H 


THE PIC MİCROCONTROLLER 

YOUR PERSONAL INTRODUCTORY COURSE - 

THIRD EDITION. John Morton 


270 pages 


Order code NE36 


PIC İN PRACTİCE (2nd Edition) 


David W. Smith 

308 pages 


Order code NE39 


MİCROCONTROLLER COOKBOOK 
Mike James 


240 pages 


Order code NE26 


£24.99 


£36.99 


PRACTİCAL ELECTRONICS HANDBOOK - 
6th Edition. lan Sinclair 


440 pages 


Order code NE21 


STARTİNG ELECTRONICS - 4th Edition 
Keith Brindley 

296 pages 


Order codeELSEVIOO 


ELECTRONIC CIRCUITS - FUNDAMENTALS 
APPLICATIONS - Updated version Mike Tooley 


£18.99 
& 


400 pages 


Order code TF43 


£32.99 


FUNDAMENTAL ELECTRICAL AND ELECTRONIC 
PRINCIPLES - Third Edition C.R. Robertson 


368 pages 


Order code TF47 


£21.99 


A BEGINNER’S GUIDE TO TTL DIGITAL ICs 
R.A. Penfold 


142 pages 


OUT OF PRINT BP332 


£5.45 


UNDERSTANDING ELECTRONIC CONTROL SYSTEMS 
Owen Bishop 


228 pages 


Order code NE35 m . 


BOOK ORDERİNG DETAİLS 


Ali prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please 
add £3 per book. Surface mail can take up to 10 vveeks to some countries. For the rest of the world 
airmail add £4 per book. CD-ROM prices include VAT and/or postage to anyvvhere in the vvorld. Send a 
PO, cheque, international money order (£ sterling only) made payable to Direct Book Service or card 
details, Visa or MasterCard to: DİRECT BOOK SERVICE, VVIMBORNE PUBLISHING LIMITED, 

113 LYNVVOOD DRIVE, MERLEY, VVIMBORNE, DORSET BH21 1UU. 

Books are normally sent vvithin seven days of receipt of order, but please allow 28 days for delivery- more for overseas orders. 
Please checkprice and availability (see latestissue o/Everyday Practical Electronics,) before ordering from o/d lists. 

For a full description of these books please see the shop on our vvebsite. 

Tel 01202 880299 Fax 01202 843233. E-mail: fay.kearn@wimborne.co.uk 

Order from our online shop at: www.epemag.com 
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COMPUTING AND ROBOTICS 








Arduino 

DUHMIES 



arduino for dummies 

John Nussey 

Arduino is no ordinary Circuit board. VVhether you’re an artist, 
a designer, a programmer, or a hobbyist, Arduino lets you 
learn about and play with electronics. You’ll discover how to 
build a variety of circuits that can sense or control real-world 
objects, prototype your own product, and even create inter- 
active artvvork. This handy guide is exactly what you need to 
build your own Arduino project - what you make is up to you! 

• Learn by doing - start building circuits and programming 
your Arduino with a few easy examples - right away! 

• Easy does it - work through Arduino sketches line by line, 
and learn how they work and how to vvrite your own. 

• Solder on! - don’t know a soldering iron from a curling iron? 
No problem! You’ll learn the basics and be prototyping in 
no time. 

• Kitted out - discover new and interesting hardvvare to turn 
your Arduino into anything from a mobile phone to a Geiger 
counter. 

• Become an Arduino savant - find out about functions, ar- 
rays, libraries, shields and other tools that let you take your 
Arduino project to the next level 

• Get social - teach your Arduino to communicate with soft- 
ware running on a Computer to link the physical vvorld with 
the Virtual vvorld 


438 Pages 


Order code ARDDUM01 


£19.99 



EXPLORING ARDUİNO 
Jeremy Blum 

Arduino can take you anyvvhere. This book is the roadm- 
ap. 

Exploring Arduino shovvs how to use the vvorld’s most 
popular microcontroller to create cool, practical, artistic 
and educational projects. Through lessons in electrical 
engineering, programming and human-computer interac- 
tion this book vvalks you through specific, increasingly 
complex projects, ali the vvhile providing best practices 
that you can apply to your own projects önce you’ve 
mastered these. You’ll acquire valuable skills - and have 
a vvhole lot of fun. 

• Explore the features of several commonly used Arduino 
boards • Use the Arduino to control very simple tasks or 
complex electronics • Learn principles of system design, 
programming and electrical engineering • Discover code 
snippet, best practices and system schematics you can ap¬ 
ply to your original projects • Master skills you can use for 
engineering endeavours in other fields and with different 
platforms 


357 Pages 


Order code EXPARD01 


£26.99 



NEWNES INTERFACING COMPANION 
Tony Fischer-Cripps 


295 pages 


Order code NE38 


HOW TO BUİLD A COMPUTER MADE EASY 
R.A. Penfold 


120 pages 


Order code BP707 


EASY PC CASE MODDING 
R.A. Penfold 


192 pages + CDROM \ 


Order code BP542 


£8.99 


FREE DOVVNLOADS TO PEP-UP AND PROTECT YOUR 
PC 

R.A. Penfold 


128 pages 


Order code BP722 


£7.99 


WINDOWS XP EXPLAINED 
N. Kantaris and P.R.M. Oliver 


264 pages 


Order code BP514 


THE INTERNET - TVVEAKS, TIPS AND TRICKS 
R. A. Penfold 


128 pages 


Order code BP721 


eBAY - TVVEAKS, TIPS AND TRICKS 
R. A. Penfold 


128 pages 


Order code BP716 


£7.50 


AN INTRODUCTION TO eBAY FOR THE OLDER 

GENERATION 

Cherry Nixon 

120 pages £8.49 


HOW TO FIX YOUR PC PROBLEMS 
R.A. Penfold 


128 pages 


Order code BP705 


£8.49 


AN INTRODUCTION TO WINDOWS VISTA 
P.R.M. Oliver and N. Kantarris 


120 pages 




WINDOWS 8.1 EXPLAINED 

180 Pages 


Order code BP747 


AUDIO & VİDEO 


VALVE AMPLIFIERS - 4th Edition 
Morgan Jones 


288 pages 


Order code ELSEV33 


BUİLDİNG VALVE AMPLIFIERS 
Morgan Jones 


368 pages 


Order code NE40 


£29.00 


COMPUTING FOR THE OLDER GENERATION 
Jim Gatenby 


308 pages 


Order code BP601 


£8.99 


ANDROIDS, ROBOTS AND ANIMATRONS 
Second Edition - John lovine 


224 pages 


Order code MGH1 


£16.99 


ROBOT BUILDERS COOKBOOK 
Owen Bishop 

366 pages 


Order code NE46 


INTRODUCING ROBOTICS WITH LEGO 

MINDSTORMS 

Robert Penfold 


288 pages + 


Order code BP901 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 


298 pages 


Order code BP902 


£14.99 


HOW TO FIX YOUR PC PROBLEMS 
R. A. Penfold 


128 pages 


Order code BP705 


WINDOWS 7 - TVVEAKS, TIPS AND TRICKS 
Andrevv Edney 


120 pages 


Order code BP708 


GETTING STARTED İN COMPUTING FOR 
THE OLDER GENERATION 
Jim Gatenby 


120 pages 


Order code BP704 


£8.49 


VVINDOVVS 8.1 EXPLAINED 
Noel Kantaris 


180 Pages 


Order code BP747 


£10.99 


COMPUTING WITH A LAPTOP FOR THE OLDER 

GENERATION 

R.A. Penfold 


120 pages 


Order code BP702 


£8.49 


AN INTRODUCTION TO EXCEL SPREADSHEETS 
Jim Gatenby 


18 pages 


£8.49 


AN INTRODUCTION TO THE NEXUS 7 

118 Pages £8.99 

KINDLE FİRE HDX EXPLAINED 

118 Pages £8.99 


RASPBERRY Pl 




RASPBERRY Pi FOR DUMMİES 

Sean McManus and Mike Cook 

VVrite games, compose and play music, even explore electronics - it’s easy as Pi! 
The Raspberry Pi offers a plateful of opportunities, and this great resource guides 
you step-by-step, from dovvnloading, copying, and installing the softvvare to learn- 
ing about Linux and finding cool new programs for work, photo editing, and music. 
You’ll discover how to vvrite your ovvn Raspberry Pi programs, create fun games, and 
much more! Öpen this book and find: What you can do with Python; Ways to use the 
Raspberry Pi as a productivity tool; How to surf the web and manage fileş; Secrets 
of Sonic Pi music programming; A guide to creating animations and arcade games; 
Fun electronic games you can build; How to build a 3D maze in Minecraft; How to 
play music and videos on your Raspberry Pi. 


400 Pages 


Order code RPİDUM01 


£17.99 


RASPBERRY Pi MANUAL: A practical guide to the 
revolutionary small Computer 

176 pages £1 7.9 

RASPBERRY Pi USER-GUIDE - 4th Edition 

262pages 


Order code JVV001 


PROGRAMMİNG THE RASPBERRY Pi 

192 pages 


Order code MGH4 


GETTING STARTED WITH RASPBERRY Pi 

164 pages 


Order code OR01 


£10.99 


£11.50 
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TEACH-IN BOOKS 


ELECTRONICS ■ ELECTRONICS ■ ELECTRONICS 
TEACH-IN 5 ■ TEACH-IN 6 ■ TEACH-IN 7 




ONLY AVAILABLE ON CDROM 


ELECTRONICS TEACH-IN 5 

Jump Start - 15 design and 
build Circuit projects dedicated 
to nevvcomers or those follovving 
courses in school and colleges. 

The projects are: Moisture Detector, Quiz Machine, Battery 
Voltage Checker, Solar-Povvered Charger, Versatile Theft 
Alarm, Spooky Circuits, Frost Alarm, Mini Christmas Lights, 
iPod Speaker, Logic Probe, DC Motor Controller, Egg Timer, 
Signal Injector Probe, Simple Radio Receiver, Temperature 
Alarm. 

PLUS: 

PIC’ N MIX - starting out with PIC Microcontrollers and PRAC- 
TICALLY SPEAKING - the techniques of project construction. 
FREE CD-ROM - The free CD-ROM is the complete 
Teach-ln 2 book providing a practical introduction to PIC 
Microprocessors plus MikroElektronika, Microchip and 
L-Tek PoScope softvvare. 



ONLY AVAILABLE ON CDROM 

ELECTRONICS TEACH-IN 
6 - 

A COMPREHENSIVE GUIDE 
TO RASPBERRY Pi 
Mike & Richard Tooley 

Teach-ln 6 contains an exciting 
series of articles that provides a complete introduction to 
the Raspberry Pi, the low cost Computer that has taken 
the education and computing vvorld by storm. 

This latest book in our Teach-ln series will appeal to 
electronic enthusiasts and Computer buffs vvanting to get 
to grips with the Raspberry Pi. 

Anyone considering what to do with their Pi, or maybe 
they have an idea for a project but don’t know how 
to turn it into reality, will find Teach-ln 6 invaluable. İt 
covers: Programming, Hardvvare, Communications, Pi 
Projects, Pi Class, Python Ouickstart, Pi VVorld, Home 
Baking ete. 

The book comes with a FREE cover-mounted DVDROM 
containing ali the necessary softvvare for the series so 
that readers can get started quickly and easily with the 
projects and ideas covered. 


160 Pag es 


Order code ETI5 


£8.99 


160 Pages 


Order code ETI6 


£8.99 


BOOK ORDER FORM 


Full name:. 
Address:... 


. Post code:.Telephone No: . 


Signature: 


□ I enelose cheque/PO payable to DIRECT BOOK SERVİCE for £. 

□ Please charge my card £.Card expiry date. 

Card Number. 

Valid From Date . Card Security Code . (The last three digits on orjustbelovv the signature strip) 

Please send book order codes:. 

Please continue on separate sheet of paper if necessary 



ELECTRONICS TEACH-IN 7 - 
DISCRETE LINEAR CIRCUIT 
DESİGN 

Mike & Richard Tooley 

Teach-ln 7 is a complete 
introduction to the design of analogue electronic circuits. 
İdeal for everyone interested in electronics as a hobby 
and for those studying technology at schools and colleges. 
Supplied with a free Cover-Mounted CDROM containing 
ali the Circuit softvvare for the course, plus demo CAD 
softvvare for use with the Teach-ln series’ Words for the 
cover; Discrete Linear Circuit Design* Understand linear 
Circuit design* Learn with ‘TINA’ - modern CAD softvvare* 
Design simple, but elegant circuits* Five projects to build: 
Pre-amp, Headphone Amp, Tone Control, VU-meter, High 
Performance Audio Povver Amp PLUSAudio Out - an 
analogue expert’s take on specialist circuitsPractically 
Speaking - the teehnigues of project building 


160 Pages 


Order code ETI7 


£8.99 


CHECK OUT OUR VVEBSITE FOR MORE BOOKS 
WWW.EPEMAG.COM 



THE BASIC SOLDERING GUIDE 
HANDBOOK 

LEARN TO SOLDER SUCCESSFULLY! 
ALAN WINSTANLEY 

The No.1 resource to learn ali the basic aspects 
of electronics soldering by hand. 

With more than 80 high quality colour photo- 
graphs, this book explains the correct choice 
of soldering irons, solder, fluxes and tools. The 
techniques of how to solder and desolder elec¬ 
tronic components are then explained in a clear, 
friendly and non-teehnieal fashion so you’ll be 
soldering successfully in next to no time! The 
book also ineludes seetions on Reflovv Soldering 
and Desoldering Techniques, Potential Hazards 
and Useful Resources. Plus a Troubleshooting 
Guide. 

Also ideal for those approaching electronics 
from other industries, the Basic Soldering Guide 
Handbook is the best resource of its type, and 
thanks to its excellent colour photography and 
crystal clear text, the art of soldering can now be 
learned by everyone! 


86 Pages 


Order code AW1 
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Digital Voltabe Svvitch 


Large complex projects are fun, but 
they take time and can be expensive. 
Sometimes you just want a quick 
result at low cost. That’s where this 
series of Electronic Building Blocks 
fits in. We use ‘cheap as chips’ com- 
ponents bought online to get you 
where you want to be... FAST! They 
represent the best value we can find 
in today’s electronics marketplace! 

Has there ever been a better time to 
be pursuing electronics as a hobby? 
Take this modüle. Its basic function is 
a voltage switch - it activates the on- 
board relay when the DC voltage being 
monitored is higher (or lower) than the 
pre-set value. But it’s more than that. 
It also has an LED display to show you 
the voltage being monitored, and seven 
different selectable switching modes, 
including the ability to precisely set 
the hysteresis (the difference between 
the ‘on’ and ‘off’ values). You can even 
switch off the LED display to save 
battery juice. It’s versatile, accurate, 
cheap and effective! 


Note that while there are a lot of 
digital voltage switches available, they 
vary substantially in features. This 
particular one, identifiedby YYV-1 on 
the board, may not be the first that you 
come across when searching, so ensure 
the modüle you buy looks exactly like 
the one shown here. It should cost you 
around £5, including delivery. 

But before we continue, of what 
use is a voltage svvitch? A simple ap- 
plication is as a low-voltage cut-out 
withbattery-powered equipment. For 
example, if you like camping with a 
battery-powered light (eg, running 
off the car battery), this svvitch can 
be used to ensure that you don’t un- 
duly fiatten the battery and so find it 
hard to start the car in the morning. 
The on-board relay is rated at 10A at 
30VDC, and so you vvon’t even need 
to add another relay. Another ‘battery’ 
use is to svvitch off an older, manual 
charger vvhen battery voltage rises 
sufficiently. 

You can also use the svvitch vvith suit- 
able sensors to monitor temperature, 
pressure, light intensity, rotational po- 
sition - you name it! Many such 
sensors directly output a voltage 
(eg, 1-5V) and can be connected 
directly to the voltage svvitch. 
Other sensors vary in resistance 
vvith the parameter being sensed 
(eg, temperature or light intensi¬ 
ty) and so can be connected in 
a voltage divider configuration 
and fed via a regulated voltage. In 
some applications (eg, cars) there 
are numerous Standard sensors 
that output voltages and so can be 
monitored, for example to sound 
alarms for over-temperature, lovv 
fuel, lovv oil pressure and so on. 
The name of this column is Elec¬ 
tronic Building Blocks - and this 


voltage svvitch is one of the best blocks 
to have on your shelf! 

Connections 

The module’s connections are straight- 
forvvard. Povver and ground (12V in the 
modüle I used, but it’s also available 
in 5V and 24V versions), and signal 
input and signal ground. (In this case, 
the signal is the voltage that vve’re 
monitoring.) Voltages up to 50V can 
be monitored. The relay is an SPST de- 
sign, so it has common, normally-open 
and normally-closed connections. Ali 
connections are via screvv terminals. 

The measured povver consumption of 
the modüle is as follovvs: 

■ LED display off - 16mA 
LED display on - 24mA 

■ LED display on and relay tripped - 
56mA 

NB: signal input impedance is ~20kQ. 

Modes 

The modüle has seven mode configura- 
tions. The manufacturer’s descriptions 
of these modes are only available in 
poorly translated English - so here they 
are in straightforvvard language! 

Mode 1 

When the input voltage is belovv Vl, 
the relay is activated. When the input 
voltage is higher than V2, the relay is 
de-activated. This mode is typically 
used vvhen you vvish to monitor a 
falling voltage and vvant the relay to 
trip vvhen the voltage drops belovv the 
set-point (Vl). The difference betvveen 
Vl and V2 sets the hysteresis. 

Mode 2 

When the input voltage is higher than 
V2, the relay is activated. When the 
input voltage is lovver than V1, the relay 
is deactivated. This mode is typically 



This modüle can monitor DC voltages up to 5OV, ac- 
tivating the on-board relay vvhen the voltage reaches 
the required level. The modüle has seven different se¬ 
lectable modes, an LED display that shovvs monitored 
voltage, and adjustable hysteresis. 


68 


Everyday Practical Electronics, May 2018 



























An easy way of getting a feel for 
the module’s capabilities is to use 
a pot across the supply to allow 
a variable voltage to be fed to the 
input. Here the relay has tripped 
(indicated by the red LED) and the 
monitored voltage is 2.08V. 


used when you are monitoring a rising voltage and want 
the relay to trip when the voltage rises above the set-point 
(V2). The difference between V2 and VI sets the hysteresis. 

Mode 3 

In this mode the relay is activated only when the moni¬ 
tored voltage is outside the range set by Vl and V2. For 
example, if Vl is set to 6V and V2 is set to 7V, the relay is 
off when the measured voltage is between 6V and 7V, and 
is on when the voltage is less than 6V or greater than 7V. 

Mode 4 

This mode reverses the logic of Mode 3 - the relay is activat¬ 
ed only when the monitored voltage is between Vl and V2. 

Mode 5 

This mode activates the relay when the monitored voltage 
is above Vl and switches off the relay when the monitored 
voltage is below Vl. The difference between this mode 
and Mode 1 is that the hysteresis cannot be adjusted. In 
use, the hysteresis in this mode appears to be 0.05V. (V2 
therefore does nothing, even though it stili appears as an 
item to be set.) 

Mode 6 

When the monitored voltage exceeds Vl, the relay is acti¬ 
vated. The relay stays activated until power is lost to the 
modüle. This mode is particularly good when you need to 
monitor a signal and see if a parameter has been exceeded, for 
example, in your absence. A normally closed ‘reset’ button in 
the module’s power supply could be easily added to switch 
off the alarm. Note that the LED display keeps showing the 
actual ‘live’ value, even if the relay has been tripped. 

Mode 7 

The relay is activated only when the monitored voltage 
is precisely at the set-point (Vl). Even an indicated 0.05V 
variation away from Vl switches off the relay. 

Mode selection 

There are four on-board press-buttons, marked as Kl to 
K4. K2 is ‘up’ and K3 is ‘down’. The mode is selected by 
holding down Kl for more than one second. The LED 
display will then flash - eg, P—2, indicating that Mode 
2 is selected. To change the mode, press either the up or 
down buttons until the required mode is selected. Pressing 
Kl again will then show the Vl that is selected; this can 
be changed with the up and down buttons. Pressing Kl 
again will select V2, that can then be set. A final push of 


Kl returns the display to normal. And K4? This button 
turns the LED display on and off. 

İn use 

The set-point voltages can be with an apparent resolution 
of no less than 0.01V; however, this needs to be taken 
with a grain of salt. Varying the input voltage shows that 
the monitored voltage varies by a smallest increment of 
about 0.05V - so setting Vl or V2 to a smaller increment 
than 0.05V is ineffective. That said, being able to set the 
trip-point to 0.05V is stili pretty good! 

Note that the voltage regulation of the modüle is excel- 
lent: the measured input voltage holding dead steady at 
modüle supply voltages from 10-14V. 

In use, it’s usually not critical but for interest’s sake, 
the displayed voltage also compared very well with that 
measured by a recently calibrated multimeter. 

At the time of writing, the voltage switch is available 
on www.aliexpress.com (search under YYV-1) and from 
eBay.co.uk under the search term ‘Charging Discharge 
Voltage Monitor Test Relay Switch Control Modüle DC12 V 
G9Q3’ - currently, 
item 152846808873 
for £3.96 inci p&p. 

I like the modules 
so much that I bought 
six! 

Next time 

In my next column 
Eli be looking at a: 

Pre-recorded sound 
modüle. 




Visit our Shop, Cali or Buy online at: 

www.cricklewoodelectronics.com 


CRICKLB/VO 


Alternatively phone us on 
020 8452 0161 with your 
requirements. 


Frustrated with yoursupplier? 
Visit our component packed 
vvebsite for a vast range of 
parts - old and new, 
many unavailable elsevvhere! 
www.cricklewoodelectronics.com 


1000's OF PRICES REDUCED! 
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PCB SERVİCE 



Basic printed Circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, and 
are drilled and roller tinned, but ali holes are a Standard size. They are not silk- 
screened, nor do they have solder resist. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to both 
sides. NOTE: PCBs from the July 2013 issue with eight digit codes have silk 
screen overlays and, vvhere applicable, are double-sided, plated through-hole, 
with solder masks, they are similar to the photos in the relevent project articles. 

Ali prices include VAT and postage and packing. Add £2 per board 
for airmail outside of Europe. Remittances should be sent to The PCB 
Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynvvood Drive, Merley, VVimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and made 
payable to Everyday Practical Electronics (Payment in £ sterling only). 

NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for 
delivery - overseas readers allow extra if ordered by surface mail. 


r PROJECT TITLE 

ORDER CODE 

COST^ 

1 

AUG’16 

Low-cost Resistance Reference 

USB Power Monitor 

04108151 

04109121 

£5.36 

£12.00 

SEPT'16 

LED Party Strobe 

Speedo Corrector 

16101141 

05109131 

£9.80 

£12.00 

OCT'16 

Arduino-Based USB Electrocardiogram 

100W Switchmode/Linear Bench Supply - Part 2 

07108151 

18104141 

£9.79 

£20.83 

NOV’16 

Fingerprint Access Controller- Main Board 
- Switch Board 

031091511 
03109152/ 

£12.88 

DEC 16 

Universal Loudspeaker Protector 

9-Channel Infrared Remote Control 

Revised USB Charger 

01110151 

15108151 

18107152 

£12.88 

£16.42 

£5.36 

JAN’17 

High-performance Stereo Valve Preamplifier 

High Visibility 6-Digit LED Clock 

01101161 

19110151 

£17.75 

£16.42 

FEB’17 

Solar MPPT Charger/Lighting Controller 

Turntable LED Strobe 

16101161 

04101161 

£17.75 

£7.60 

MARCH17 

Speeoh Timer for Contests & Debates 

19111151 

£16.42 

APRIL17 

Microwave Leakage Detector 

Arduino Multifunctional 24-bit Measuring Shield 
- RF Head Board 

Battery Pack Celi Balancer 

04103161 
04116011 1 
04116012/ 
11111151 

£8.00 

£17.75 

£9.00 

MAY 17 

The Micromite LCD BackPack 

Precision 230V/115V 50/60Hz Turntable Driver 

07102122 

04104161 

£11.25 

£19.35 

JUNE’17 

Ultrasonic Garage Parking Assistant 

Hotel Safe Alarm 

10OdB Stereo LED Audio Level/VU Meter 

07102122 

03106161 

01104161 

£10.45 

£8.00 

£17.75 

JULY 17 

Micromite-Based Süper Clock 

Brownout Protector for Induction Motors 

07102122 

10107161 

£10.45 

£12.90 

AUG17 

Micromite-Based Touch-screen Boat 

Computer with GPS 

Fridge/Freezer Alarm 

07102122 

03104161 

£10.45 

£8.00 

SEPT17 

Compaot 8-Digit Frequency Meter 

04105161 

£12.88 

NOV’17 

50A Battery Charger Controller 

Micropower LED Flasher (45 x 47mm) 

(36 x 13mm) 

Phono Input Converter 

11111161 

16109161 

16109162 

01111161 

£12.88 

£8.00 

£5.60 

£8.00 


-- 


f 



— 

Back numbers or photocopies of articles are available if required - see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 


* See NOTE left regarding PCBs with eight digit codes * 

Please check price and availability in the latest issue. 

A large number of older boards are listed on, and can be ordered from, our vvebsite. 

Boards can only be supplied on a payment with order basis. 


EPE SOFTWARE 

VVhere available, software programs for EPE Projects can be downloaded free 
from the Library on our website, accessible via our home page at: 

www.epemag.com 

PCB MASTERS 

PCB masters for boards published from the March ’06 issue onwards are 
available in PDF format free to subscribers - 
email fay.kearn@wimborne.co.uk stating which masters you would like. 


EPE PRİNTED CIRCUIT BOARD SERVİCE 
Order Code Project Ouantity Price 


Name . 
Address 


Tel. No. 

I enclose payment of £.(cheque/PO in £ sterling only) 

to: Everyday Practical 

Electronics 


MasterCard 


Card No. 

Valid From.Expiry Date 

Card Security No. 

Signature. 


V. 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our vvebsite on a secure server: 

http://www.epemag.com 
































































If you want your advertisements to be seen by the largest readership atthe most economical price our classified page 
offers excellent value. The rate for semi-display space is £10 (+VAT) per centimetre high, with a minimum height 
of 2-5cm. Ali semi-display adverts have a vvidth of 5.5cm. The prepaid rate for classified adverts is 40p (+VAT) per 
word (minimum 12 vvords). 

Ali cheques, postal orders, etc v to be made payable to Everyday Practical Electronics. VAT must be added. 
Advertisements, together with remittance, should be sent to Everyday Practical Electronics Advertisements, 113 
Lynwood Drive, Merley, VVimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
stewart.kearn@wimborne.co.uk. For rates and information on display and classified advertising please contact our 
Advertisement Manager, Stewart Kearn as above. 


BOVVOOD ELECTRONICS LTD 

Suppliers of Electronic Components 

www.bowood-electronics.co.uk 

Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200 222 

Send large letter stamp for Catalogue 


Quality kits for the hobbyist, the 
student or the engineer. 

Smart Electronics has been designing, 
manufactoring and selling kits for nearly 30 
years. Our range of kits ineludes amplifiers, 
power supplies, inverters, remote Controls, 
portable alarms, voltmeters, electronic 
thermostats, automation, to name a few. 
For further information please visit: 

www. smartkit.net 


Eveıyday Practical 
Electronics reaches mor e 
UK readers than any ödler 
UK monthly hobby 
electronics magazine, 
our sales figures prove Ih 

We have been the leading 
monthly magazine in this market 
■for the lasttoventy-seven yearı. 


Just found more 
vintage electronic components 
FOR THE RENOVATOR 
OR HOBBYİST 



r CANTERBURY WINDINGS ^ 

UK manufacturer of toroidal transformers 
(lOVAto 3kVA) 

Ali transformers made to order. No design fees. 
No minimum order. 

www.canterburywindings.co.uk 

l 01227 450810 j 


MISCELLANEOUS 


VALVES AND ALLIED COMPONENTS İN 
STOCK. Phone for free list. Valves, books 
and magazines wanted. Geoff Davies 
(Radio), tel. 01788 574774. 


PIC DEVELOPMENT KİTS, DTMF kits and 
modules, CTCSS Encoder and Decoder/ 
Display kits. Visit www.cstech.co.uk 
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Next Month 


JUNE '18 ISSUE ON 
SALE 3 MAY 2018 


10-Octave Stereo Graphic Equaliser 

This stereo graphic equaliser is very compact and quite cheap to build. Hovvever, 
it has the performance to match full-blown commercial models that are far more 
expensive. İt can also be used in a wide range of applications from AC or DC supplies. 


Arduino-based Digital Inductance/Capacitance Meter 

Do you ever need to check or confirm the values of inductors or capacitors? Of course 
you do! This Arduino-based LC meter will give you a digital readout and can even 
measure the parasitic inductance or capacitance present in a Circuit. It's much more 
accurate than most DMM-based LC meters. 


Low Cost Electronic Modules - Part 5 

Fancy using a 16x2 backlit alphanumeric LCD modüle? This one comes with a small 'piggy- 
back' modüle that provides it with an l 2 C serial interface. İt can be hooked up to any of the 
common micros via only two wires, letting multiple displays (or other l 2 C devices) share the 
same 2-wire bus, while also freeing up some of the micro's 1/0 pins for other purposes. 


Teach-ln 2018 - Part 9 

Next month's Teach-ln 2018 will bring the series to a close with some advice on designing 
and building your own test gear. 

PLUS! 

Ali your favourite regular columns from Audio Out and Circuit Surgery to Electronic 
Building Blocks, PIC n' Mix and Net Work. 

Content may be subject to change 




Britannia 

İn» M 


iMaison Mes Amis 


OldRoad 


Rose & Crown 


^ Johnsons 


Electronics 


Morrisons 


Selling Electronics in ĞımterfieMforZf 


Öpen Monday to Friday 9am to 5:30pm 
And Saturday 9:30am to 5pm 


Aerials, Satellite Dishes & LCD Brackets 
Audio Adaptors, Connectors & Leads 
BT, Broadband, Netvvork & USB Leads 
Computer Memory, Hard Drives & Parts 
DJ Equipment, Lighting & Supplies 
Extensive Electronic Components 
- ICs , Project Boxes, Relays & Resistors 
Raspberry Pi & Arduino Products 
Replacement Laptop Povver Supplies 
Batteries, Fuses, Glue,Tools & Lots more. 


T: 01246 211202 
E: sales@jpgelectronics.com 
JPG Electronics, Shavv’s Row, 

Old Road, Chesterfield, S40 2RB 
W: www.jpgelectronics.com 


CALLING ALL EPE 
SUBSCRIBERS 


lf you are one of our valued subscribers then 
please note that we are changing the way we 
send subscription renevval reminders. 

Instead of sending you a renevval card, we vvill 
now print a box on the address sheet, vvhich 
comes with your copy of EPE. 

This box vvill advise you of the last issue in 
your current subscription. 

To renevv you vvill have three choices: 

1. Cali us on: 01202 880299 

2. Visit our vvebsite at: www.epemag.com 
3.Send a cheque to: 

VVimborne Publishing Ltd, 113 Lynwood Drive, 
Merley, VVimborne, Dorset BH21 1 UU 


Published on approximately the first Thursday of each month by VVimborne Publishing Ltd., 113 Lynvvood Drive, Merley, VVimborne, Dorset BH21 1 UU. Printed in England by Acorn VVeb Offset Ltd., Normanton, 
WF6 1TW. Distributed by Seymour, 86 Nevvman St., London W1T 3EX. Subscriptions INLAND: £24.00 (6 months); £45.00 (12 months); £85.00 (2 years). EUROPE: airmail service, £30.00 (6 months); £56.00 
(12 months); £107.00 (2 years). REST OF THE VVORLD: airmail service, £37.00 (6 months); £70.00 (12 months); £135.00 (2 years). Payments payableto "Everyday Practical Electronics", Subs Dept, VVimborne 
Publishing Ltd. Email: subs@epemag.wimborne.co.uk. EVERYDAY PRACTİCAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent of the Publishers first 
having been given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise 
disposed of in a mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 






















Pie & AVR® MCUs 

Together Your Possibilities 
are Unlimited 



You have a desire to make technology smarter, more efficient and accessible to 
everyone. Microchip has a passion for developing products and tools that make it easier 
for you to solve your design problems and adapt to future needs. Microchip's portfolio 
of more than 1,200 8-bit PIC® and AVR® microcontrollers is not only the industry's 
largest—it incorporates the latest technologies to enhance system performance vvhile 
reducing povver consumption and development time. VVith 45 years of combined 
experience developing commercially available and cost-effective MCUs, Microchip is 
the supplier of choice due to its strong legacy and history in innovation. 

Key Features 

► Autonomous peripherals 

► Lovv-povver performance 

► Industry-leading robustness 

► Easy development 



""dirbcÇ <2- Microchip 

www.micrachipdirect.com 

www.microchip.com/8bitEU 


The Microchip name and logo, the Microchip logo, PIC and AVR are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. Ali other trademarks are the property of their registered owners. 
©2018 Microchip Technology İne. Ali rights reserved. DS30010130A. MEC2116BEng03/18 











electronic design Itd 


Limited time offer only 


Lise code 
EPE10 
during checkout 


ZEN50 


Zener Diode Analyser 

(ine. LEDs, TVSs ete) 


Now with backlit display and AAA battery 

The Atlas ZEN (model ZEN50) is perfect for testing Zeners 
(ineluding Avalanche diodes), varistors, transient voltage 
suppressors, LEDs (and LED strings) and many other components. 

- Measure Zener Voltage (from 0.00 up to 50.00V!) 

- Measure Slope Resistance. 

- Selectable test current: 2mA, 5mA, lOmA and 15mA. 

- Very low duty eyele to minimise temperature rise. 

- Continuous measurements. 

- Single AAA battery (ineluded) with very long battery life. 

- Gold plated croc elips ineluded. 

- Can measure forward voltage of LEDs 
and LED strings too. 


DCA55 


Semiconductor Analyser 
- Identify your semi’s 


With backlit display and AAA battery 

Connect any way round to identify the type of component and 
the pinout! Also measures many parameters ineluding 
transistor gain, base-emitter voltages, MOSFET thresholds, 
LED voltages ete. Complete with a comprehensive illustrated 
user guide. Includes an Alkaline battery so you’re ready to go 
straightavvay. 

-Transistors (ineluding NPN/PNP, darlingtons, Si & Ge). 

- Measure h FE , Vbe and leakage. 

- Diodes and LEDs. Measure V F . 

-MOSFETs. Measure VQs(th). 

- Gold plated hook probes. 

-Long battery life. 

-Free teehnieal 

support for life. 

-Comprehensive 
instruetion book. 

-2yearwarranty. 


with discount! 




LCR45 


LOR and Impedance Meter 
with Auto and Manual modes 


Great for hobbyists and professionals 

Introducing a povverful LCR meter that not only identifies and 
measures your passive components (Inductors, Capacitors and 
Resistors) but also measures complex impedance, magnitude of 
impedance with phase and admittance too! Auto and Manual test 
modes allow you to specify the test frequency and component type. 

- Continuous fluid measurements. 

- Improved measurement resolution: (<0.2pH, <0.2pF). 

- Test frequencies: DC, 1kHz, 15kHz, 200kHz. 

- Measure the true impedance of speakers and more. 

- Great for hobbyists and professionals. 



£ 81.00 



It’s only possible to show summary specifications here. Please ask if you’d like detailed data. Further information is also available on our vvebsite. Product price refunded if you’re not happy. 


Tel. 01298 70012 
www.peakelec.co.uk 
sales@peakelec.co.uk 


Atlas House, 2 Kiln Lane 
Harpur Hill Business Park 
Buxton, Derbyshire 
SK17 9JL, UK 




UK designed and manufactured 





















































